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OBJECTS AND RULES 


THE ASSOCIATION. 


OBJECTS. 

The Association contemplates no interference with the ground 
occupied by other Institutions. Its objects are, — ^To give a 
stronger impulse and a more systematic direction to scientific 
inquiry,— to promote the intercourse of those who cultivate Sci- 
ence in different parts of the British Empire, with one another, 
and with foreign philosophers, — to obtain a more general atten- 
tion to the objects of Science, and a removal of any disadvan- 
tages of a public kind, which impede its progress. 


RULES. 

MEMBERS. 

All Persons who have attended the first Meeting shall be 
entitled to become Members of the Association, upon subscrib- 
ing an obligation to conform to its Rules. 

The Fellows and Members of Chartered Literary and Philo- 
sophical Societies publishing Transactions, in the British Em- 
pire, shall be entitled, in like manner, to become Members of 
the Association. 

The Officers and Members of the Councils, or managing 
Committees, of Philosophical Institutions shall be entitled, in 
like manner, to become Members of the Association. 

All Members of a Philosophical Institution recommended by 
its Council or Managing Committee, shall fie entitled, in like 
manner, to fiecome Members of the Association. 

Persons not belonging to such Institutions shall be elected by 
the General Committee or Council, to become Members of the 
Association, subject to the approval of a General Meeting. 
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RULES OP THE ASSOCIATION. 


SUBSCRIPTIONS. 

The amount of tlie Annual Subscription shall be One Pound, 
to be paid in advance upon admission ; and the amount of the 
composition in lieu thereof, Fh'c Pounds. 

Subscriptions shall be received by the Treasurer or Secre- 
taries. 

If the annual subscription of any Meinl)er shall have been in 
arrear for two years, and shall not be paid on proper notice, he 
shall cease to be a member ; but it shall be in the power of the 
Committee or Council to reinstate him, on payment of arrears. 

MEETINGS. 

The Association shall meet annually, for one week, or longer. 
The place of each Meeting shall be appointed by the General 
Committee at the previous Meeting; and the Arrangements 
for it shall be entrusted to the Officers of the Association. 

GENERAL COMMITTEE. 

The General Committee shall sit during the time of the 
Meeting, or longer, to transact the business of the Association. 
It shall consist of all Members present, wlio have communicated 
any scientific Paper to a Philosophical Society, which Paper 
has been printed in its Transactions, or with its concurrence. 

Members of Philosophical Institutions, being Members of 
this Association, who may be sent as Deputies to any Meeting 
of the Association, sliall be Members of the Committee for that 
Meeting, the number being limited to two from each Institution. 

SECTIONAL COMMITTEES. 

The General Committee shall appoint, at each Meeting, 
Committees, consisting severally of the Members most conver- 
sant with the several branches of Science, to advise together for 
the advancement thereof. 

The Committees shall report what subjects of investigation 
the; would particularly recommend to be prosecuted during the 
ensuing year, and brought under consideration at the next 
Meeting. 

The Committees shall recommend Reports on the state and 
progress of particular Sciences, to be drawn up from time to 
time by competent persons, for the information of the Annual 
Meetings. 
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COMMITTEE OP RECOMMENDATIONS. 

The General Committee shall appoint at each Meeting a Com- 
mittee, which shall receive and consider the llecoramendations 
of the Sectional Committees, and report to the General Com- 
mittee the measures which they would advise to be adopted for 
the advancement of science. 

LOCAL COMMITTEES. 

Local Committees shall be formed by the Officers of the Asso- 
dhtion to assist in making arrangements for the Meetings. 

Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may 
desire. 


OPPICERS. 

A President, two Vice-Presidents, two or more Secretaries, 
and a Treasurer, shall be annually appointed by the General 
Committee. 


COUNCIL. 

In the intervals of the Meetings the affairs of the Association 
shall be managed by a Council, appointed by the General Com- 
mittee, 


PAPERS AND COMMUNICATIONS. 

The Author of any paper or communication shall be at liberty 
to reserve his riglit of property therein. 

ACCOUNTS. 

The Accounts of the Association shall be audited annually, by 
Auditors appointed by the Meeting. 
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DESIDERATA, 

^c. 


Thk following Reports on the progress and desiderata of dif- 
rent branches of science have been drawn up at the request of 
the Association, and printed in its Transactions. 

On the progress of Astronomy during the present century, by 
G. B. Airy, M.A., Astronomer Royal. 

On the state of our knowledge respecting Tides, by J. W. 
Lubbock, M.A., Vice-President of the Royal Society. 

On the recent progress and present state of Meteorology, by 
James D. Forbes, F.R.S., Professor of Natural Philosophy, 
Edinburgh. 

On the present state of our knowledge of the Science of Ra- 
diant Heat, by the Rev. Baden Powell, M.A., F.R.S., Savilian 
Professor of Geometry, Oxford. 

On Thermo-electricity, by the Rev. James Gumming, M.A., 
F.R.S., Professor of Chemistry, Cambridge. 

On the recent progress of Optics, by Sir David Brewster, 
K.C.G., LL.D., F.R.S., &c. 

On the recent progress and present state of Mineralogy, by 
the Rev. William Whewell, M.A., F.R.S. 

On the progress, actual state, and ulterior prospects of Geology, 
by the Rev. William Conybeare, M.A., F.R.S., V.P.G.S., &c. 

On the recent progress and present state of Chemical Science, 
by James F. W. Johnston, A.M., Professor of Chemistry, Dur- 
ham. 

On the application of Philological and Physical researches to 
the History of the Human Species, by J. C. Prichard, M.D., 
F.R.S., &c. 

On the advances which have recently been made in certain 
branches of Analysis, by the Rev. G. Peacock, M.A., F.R.S., &c. 

On the present state of the Analytical Theory of Hydrostatics 
and Hydrodynamics, by the Rev. John Challis, M.A.,F.R.S., &c. 

On the state of our knowledge of Hydraulics, considered as a 
branch of Engineering, by George Rennie, F.R.S., &c. (Parts 
I. and II.) 

On the state of our knowledge respecting the Magnetism of 
the Earth, by S. H. Christie, M.A., F.R.S., Professor of Mathe- 
matics, Woolwich. 
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On the state of our knowledge of tlie Strength of Materials, 
by Peter Barlow, F.R.S. 

On the state of our knowledge respecting Mineral Veins, by 
John Taylor, F.li.S., Treasurer G.S., &c. 

On the state of the Physiology of the Nervous System, by 
William Charles Henry, M.D. 

On the recent progress of Physiological Botany, by John Lind- 
ley, F.R.S., Professor of Botany in the University of London. 

On tlie Geology of North America, by H. D. Rogers, F.G.S. 

On the philosophy of Contagion, by Win. Henry, M.D., F.R.S. 

On the state of Physiological knowledge, by the Rev. William 
Clark, M.D., F.G.S., Professor of Anatomy, Cambridge. 

On the state and progress of Zoology, by the Rev. Leonard 
Jenyns, M.A., F.L.S., &c. 

On the theories of Capillary Attraction, and of the Propagation 
of Sound as affected by the development of Heat, by the Rev. 
John Challis, M.A., F.R.S., &c. 

On the state of the science of Physical Optics, by the Rev. 
H. Lloyd, M.A., Professor of Natural Philosophy, Dublin. 

On the state of our knowledge respecting ^he application of 
Mathematical and Dynamical principles to Magnetism, Electri- 
city, Heat, &c., by the Rev. William Whewell, M.A., F.R.S. 

On Hansteen's researches in Magnetism, by Captain Sabine, 
F.R.S. 

On the state of Mathematical and Physical Science in Bel- 
gium, by M. Quetelet, Director of the Observatory, Brussels. 


The following Reports and Continuations of Reports have been 
undertaken to be drawn up at the request of the Association : 

1 . On the progress of Electro-chemistry and Electro-mag- 
netism, so far as regards the Experimental part of the subject, 
by P. M. Roget, M.D., Sec. R.S. 

2. On the Connexion of Electricity and Magnetism, by S. H. 
Christie, F.R.S., &c. 

3. On the state of knowledge on the Phenomena of Sound, 
by the Rev. Robert Willis, M.A., F.R.S. 

4. On the state of our knowledge respecting the relative level 
of Land and Sea, and the waste and extension of the land on 
the east coast of England, by R. Stevenson, Engineer to the 
Northern Li^ithouscs, Edinburgh. 

5 . On the Zoology of North America, by J. Richardson, M.D., 
F.R.S. 

6. On the Botany of North America, by Jacob Greene, M.D., 
and Sir W. J. Hooker, M.D., Professor of Botany, Glasgow. 
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7- On the Geogi'aphical distribution of Insects, and particu- 
larly the order Coleoptera, by J. Wilson, F.ll.S.E. 

8, On the influence of Climate upon Vegetation, by the Rev. 
J. S. Ilenslow, M.A., F.L.S., Professor of Botany, Cambridge. 

1). On circumstances in Vegetation influencing the Medicinal 
virtues of Plants, by R. Christison, M.D., &c. 

1 0. On the Vegetation of Ireland and Scotland, by Mr. Mackay. 

11. On Mineral Waters, by Professor Daubeny. 

12. On Salts, by Professor Graham. 

13. On the progress of Medical Science in Germany, by Dr. 

Graves. , 

14. On the Differential sihd Integral Calculus, by the Rev. G. 
Peacock, M.A., F.R.S. 

15. On the Theories of Capillary Attraction, &c., by the Rev. 
J. Challis, M.A., F.R.S. 

1(). On the present state of our knowledge of the PhaBiiomena 
of Terrestrial Magnetism, by Captain Sabine, F.R.S. 

17 . On the Geology of North America, by H. D. Rogers, 
F.G.S., Professor of Geology, Philadelphia. 


ASTRONOMY. 

Resolutiotis of the Committee. 

1. The Committee for Mathematical and Physical Science 
having stated that it would tend much to the advancement of 
astronomy, and the art of navigation, if the observations of the 
sun, moon, and planets, made by Bradley, Maskelync, and Pond, 
were reduced, — 

It was resolved by the General Committee, that a represen- 
tation to this effect from the British Association be submitted 
to Government, in the hope that public provision might be made 
for the accomplishment of this great national object, and that a 
deputation, consisting of Professor Airy, Mr. Baily, Mr. D. Gil- 
bert, and Sir John Herschel, be appointed to confer with the 
Lords of the Treasury on the subject*. 

2. That application be made to the French Government on 
the part of the Association, for the purpose of obtaining a re- 
duction of the astronomical observations made at the Ecole 
Militaire, and published in the Histoire Cdeste and in the vo- 
lumes of the Acad^nie des Sciences for 1789, 1790; and that, 

* The application was immediately complied with by the Govermiient, and 
an advance of 500/. made by the Treasury ; the reduction of the observations 
from the year 1750 to the present day is in progress. 
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provided the French Government agree to this proposition, the 
sum of 500/. be placed at the disposal of a Committee, to be 
hereafter nominated by the Council, for the purpose of procuring 
the duplicate reduction which is necessary to ensure accuracy*. 

3. That the difference of meridians between the Observatories 
of Greenwich, Cambridge, Oxfol'd, Edinburgh, Dublin, and 
Armagh, should be determined by ineaiis of chronometers, or 
by signals, or by both methods. 

4. That it is desirable that the constant of lunar notation 
should be deduced from observations made with the mural circle 
at Greenwich, and that the sum of bpO/. be appropriated to this 
purpose, under the direction of Sir T. Brisbane, Rev, Dr. Robin- 
son, and Mr, Baily. 

5. That it is desirable that the standard scale made some 
years ago by Mr. Troughton for the town of Aberdeen should 
be compared with the standard scale recently made for the 
Royal Astronomical Society, and that Mr. Baily be requested 
to make the requisite comparisons f. 

Desiderata noticed in Mr, Airy's Report ^ p. 187 * 

1. Directions for placing a thermometer so as to indicate cor- 
rectly the Temperature of the Air at the place of observation, 
for Refraction-corrections, the external and internal tempera- 
tures being supposed as nearly as possible equal. 

2. Experimental Data for the Theory of Refraction — 

What is the law of the decrease of temperature, or of 
density, in ascending ? 

How does this vary at different times ? 

Can any means be contrived for indicating practically at 
different times the modulus of variation ? 

Does the refractive power of air depend simply on its 
density, without regard to its temperature ? 

Is it well established that the effects of moisture arc 
almost insensible ? 

Can any rule be given for estimating the effect of the 
difference of refraction in different azimuths, accord- 
ing to the form of the ground ? 

When the atmospheric dispersion is considerable, what 
part of the spectrum is it best that Astronomers should 
agree to observe ? 

3. An investigation of the coefficient of Nutation from the 
Greenwich circle-observations. 

• An application has been made through the Bureau des Longitudes, 
f These comparisons have been made; see p. 01. 
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4. The Reduction of Bradley’s and Maskelyne’s Observations 
of the Sun and Planets, on a uniform plan. 

5. Remeasurement* of the elongation of Jupiter’s Satellites, 
to correct the estimate of the mass of Jupiter. 

6. Separate investigations, from observations, of the diminu- 
tion of the aphelion distance and perihelion distance of Encke’s 
Comet, for the purpose of testing the truth of Encke’s assumed 
law of density of the resisting medium. 

7. Calculations of the perturbations of Biela^s Comet for the 
interval between 1772 and 1806, and of those of the node and 
inclination from 1806 to 1826, for the purpose of ascertaining 
the identity of the comet of 1772, and examining whether this 
conlet gives any indication of a resisting medium. 

8. Verification of Burckhardt’s Formulae in the Jfem. de V Inst. 
for 1808, and extension of them to terms depending on the in- 
clination. 

9. Theory of the perturbations of Pallas, and of Encke’s Comet. 


TIDES. 

Resolutions of the Committee. 

1 . That a sum not exceeding 25Q/. be placed at the -disposal 
lof Mr. Lubbock for tlie discussion of observations of the Tides. 

2. That the Association should endeavour to procure the 
general establishment of systematic Tide Observations along 
the coasts of Great Britain and Ireland, and that the standing 
Committee on Tides be requested to select such places f us may 
appear to them most important for this purpose \ that the di- 
rection, and if possible the intensity, of the wind should be ob- 
served, as well as its critical changes after having set for some 
time in a particular direction \ and that the altitude of the cur- 
rents of air should also be, as far as possible, remarked. 


METEOROLOGY. 

Resolutions of the Committee. 

1. That a series of observations of the Thermometer during 
every hour of the day and night, be instituted at some military 
or naval station in the South of England. \ 

* Prof. Airy himself has since given a determination of the mass of Jupiter. 

t Directions for observing the Tides, extracted from Mr. Lubbock’s Report, 
and Mr. Whewell’s Memoranda, are inserted p. xxxiii. 

b 
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1 a. That the sum of 50/. be applied to meet the expenses of 
the observations which, in pursuance of this recommendation, 
have been carried on for three years and a half by the Wardens 
and inferior officers in Plymouth Dockyard, under the directions 
of Mr. W. S. Harris^. 

2. That a similar hourly register be recommended to be esta- 
blished under the superintendence of the Committee of the Asso- 
ciation in India. 

3. That the Committee in India be requested to institute such 

observations as may throw light on the horary oscillations of 
the Barometer near the equator. * 

4. That Mr. Phillips, and Mr. William Gray, jun., be requested 
to undertake a series of observations on the comparative quan- 
tities of rain falling on the top of the great tower of York Minster, 
and on the ground near its base ; and that similar observations 
be instituted at other places t« 

5. That persons travelling on mountains, or ascending in bal- 
loons, should observe the state of the Thermometer, and of the 
dew-point Hygrometer, below, in, and above, the clouds, and de- 
termine how the different kinds of clouds differ in these respects. 

6. That the decrease of Temperature at increasing heights in 
the atmosphere, should be investigated by continued observations 
at stat^ hours, and known heights. The hours of 9^ a.m., and 
8^ P.M., as giving nearly the mean temperature of the year, are 
suggested for the purpose. 

7. That the temperature of Springs should be observed at 
different heights above the mean level of the sea, and at different 
depths below the surface of the earth, and compared with the 
mean temperature of the air and the ground % ; and that notice 
be given that any persons who may be able to obtain the tem- 
perature of the air, water, and rock in mines and borings of 
known depth, or the indications of thermometers sunk to diflfer- 

• For the report of these observations, and those made under the direction 
of the late Mr. Harvey, see Reports, vol. iv. pp. 171 and 181. 

t The observations at York were made at three adjacent stations of known 
height, with gauges made on the same mould, and measured by one graduated 
glass vessel; they were continued from the Ist of February, 1832, to the 1st of 
February, 1835. From the results it has been inferred by Professor Phillips 
that the diminution in the quantity of rain at the higher stations has a certain 
constant dependence on the height of the station, and on the condition of the 
air as to temperature and moisture in the different periods of the year. For 
the further elucidation of this subject, it is desirable that experiments upon the 
same plan should be tried in other situations, and especially where the climate 
is of a different character from that of York ; in the humid atmosphere of Corn- 
wall, for example, and in the drier air of the midland counties. 

I The height of the springs may be determined with sufficient accuracy by a 
common portable barometer. 
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ent depths, in different kinds of soil and in different parts of 
the earth, are requested to make known their names and the 
places where they have this opportunity, to the Secretary of the 
Meteorological Committee*. 

7 a. That the Meteorological Committee be requested to give 
instructions, Sid to make arrangements on the subjects of the 
Experiments recommended in the above resolution, and that 
100/. be placed at their disposal. 

8. That the Committee be further requested to draw up an 
account of the best form of Meteorological instruments ; — to 
prepare standard instruments, both as a means of comparison 
and of construction of similar instruments, for those Members 
of the Association who may wish to purchase Instruments con- 
structed by these standards; — to draw up Forms, Register Ta- 
bles and Abstracts, with directions for the best times, places, 
and methods of observing and registering ; — and that a further 
sum of 100/. be placed at their disposal, for the above purpose 
and others connected with the advancement of Meteorology. 

That series of comparative experiments should be made on 
the temperature of the dew-point, and the indications of the 
wet-bulb Hygrometer, and that the theory of this instrument 
should be further investigated t« 

9. That instructions for observing Auroral Phaenomena and 
Falling Stars be drawn up, with a view to the procurement of 
corresponding observations in every part of the kingdom]:. 

Desiderata noticed in Prof, Forbes's Report, 

Verification of Mr, Dalton’s theory of the constitution of the 
atmosphere, by direct experiment. {ReportSy vol. i. p. 20G. and 
Phil, Trans, 1826.) 

Experiments in various latitudes upon the temperature of the 
earth at moderate depths, by means of thermometers with long 
tubes ; with a view to determine the position of the invariable 
stratum,” where externai causes cease to produce any eflect. 
{Reports, vol. i. p. 221.) 

Experiments on the solar and terrestrial radiation. {Rejwris, 
vol. i. p. 222.) * 

♦ Tlie members of the Committee are Dr. Apjohn, Prof. Forbes, Mr. W. S. 
Harris, Mr. J. Hudson, Professor Phillips, Professor Powell, Colonel Sykes, 
Mr. John Taylor (Secretary). The Committee has had instruments constnictcd 
suitable for experiments on temperature in mines, &c., and some of them are 
now in use at selected points. 

t For an investigation of the theory of this instrument, see Dr. Apjohn s 
paper, and Dr. Hudson's remarks in Phil, Mag., 1835-6. 

X An abstract of the directions which have been drawn up by the Committee 
is given page xxxv. 

b2 
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Observations on the horary oscillations of the barometer at 
considerable heights above the sea. This more particularly ap- 
plies to places near the equator *. 

Additional observations to determine what is the influence 
of the moon on the height of the barometer. [Reports^ vol. i. 
p. 234. See also Arago^ Annuaire for 1833.) ^ 

The application of the hygrometric correction to the baro- 
metric formulae for heights. [Reports j vol. i. p. 254.) 

Observations on the phaenomena of wind at two stations at 
considerably different elevations. [Reports^ vol. i. p. 249.) The 
direction of the wind should be noted in degrees^ beginning from 
the south ^ind proceeding by the west. 

Magnetical observations, regularly conducted, especially with 
a view to auroral phaenomena. 


MAGNETISM. 

Resolutions of the Committee. 

1. That a series of observations upon the intensity of Ter- 
restrial Magnetism be executed in various parts of the kingdom, 
similar to those which have been carried on in Scotland by Mr. 
Dunlop t. 

2. That observations should be made in various places with 
the Dipping-needle, in order to reduce the horizontal to the true 
magnetic intensity. 

3. That it be represented to the Government of this country 
that it would be of great service to Science if Magnetical and 
Meteorological Observatories were established in several parts 
of the earth, furnished with proper Instruments, well conducted 
on uniform principles, and if provision were made for careful 
and continued observations at those places ; that in Great Bri- 
tain and its colonies there are points favourable for such obser- 
vations ; and that it is more desirable that the British nation 
should take a part in carrying them on, since a system of simi- 
lar observations has begun to be established in France and its 
dependencies* 

* Those who may possess such observations, continued for one or more weeks, 
with observations of the temperatures of the mercury and of the air, and the 
probable corresponding temperatures of the air at the levelofthe sea, are requested 
to transmit them to Professor Forbes, Edinburgh. The local position of the 
point of observation should also be noticed. 

t See Dr. Traill’s experiments, Reports of the Associaliony vol. i. p, 557 : 
and those of Professor Lloyd, vol. iv. p. 117. 
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That Mr. Baily, Mr. Davies Gilbert, Mr. Lubbock, and the 
Rev. G. Peacock, be a Committee to make the required represen- 
tation to the Government, and to solicit the cooperation of the 
Frwich Institute. 

4. That the East India Company be requested to further the 
same objects, especially at their establishment at Madras. 

5. That M. Arago be respectfully requested to publish, and 
to have reduced, his valuable and extensive collection of Mag- 
iietical Observations made at the Observatory at Paris. 

6. That a representation be made to Government of the im- 
portance of sending an expedition into the Antarctic regions, for 
the purpose of making observations and discoveries in various 
branches of Science, as Geography, Hydrography, Natural Hi- 
story^ and especially Magnetism, vrith a view to determine pre- 
cisely the place of the Southern Magnetic Pole or Poles, and 
the direction and inclination of the magnetic force in those re- 
gions. 

7. That a further examination of the Electro-magnetic con- 
dition of mineral veins be recommended. 

Desiderata noticed in Professor Christie's Report. 

1. A regular series of observations conducted in this country 
on the diurnal variation of the needle. 

2. To ascertain how far the method of ^torsion’ is applicable 
to determine the diurnal variation of the horizontal magnetic 
force. {Reports^ vol. ii. p, 119.) 

3. To ascertain experimentally the direction of electrical cur- 
rents occasioned in a large sphere of copper filled with bismuth, 
heated at the equator, and cooled at the poles, with a view to the 
theory of the origin of the earth’s magnetic polarity. {Reports^ 
vol. ii. p. 132.) 


RADIANT HEAT. 

Desiderata reported by Professor PowelL 

1. The accurate verification of Sir J. Leslie’s observation that 
the focus for simple heat^ in concave reflectors, is nearer to the 
reflector than that for light. {Leslie on Heat^ p. 14.) 

2. The proportion of heat reflected at different incidences. 

3. Whether radiation takes place in an absolute vacuum. 

4. Whether heat is radiated from hot bodies in liquid media, 
and whether it is rejlectedy &c., and has the same relations to 
surfaces as in air. 
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5. Accurate (letcrmiiuitions of the conducting powers of differ- 
ent solids, liquids, and gases ; distinguishing from the effects of 
radiation (if any) in or through them ; and examining the modi- 
fication (if any) which the ratios of the conducting powers un- 
dergo from difference of thickness, especially when the thickness 
is extremely small*. 


Desiderata mentioned in Mr. WheweWs Report on the Mathe- 
matical Theories of Electricity^ Magnetism^ and Heat. 

1 . A comparison of good recent measures of the statical forces 
in electrical experiments (those of Mr. Harris and any others) 
with the Coulombian theory. 

2. A determination of the degree of exactness attained and 
attainable by means of Mr. Barlow's correcting-plate. 

3. Measures of the rate of increase of the temperature of the 
earth's mass in descending (both in given places and on the 
average), to compare with similar observations at a future pe- 
riod. 

4. A comparison of the observed law' of temperatures, as de- 
pending on the latitude, with Fourier's formulee. 

5. Treatises in which the results of the theories here spoken 
of (Coulomb and Poisson's theories of electricity and magnet- 
ism, and Fourier’s theory of heat,) shall be presented in a man- 
ner sufiiciently elementary to be accessible to mathematical 
readers of common attainments, as, for instance, the readers of 
Newton. 


OPTICS. 

Resolutions of the Committee. 

1 . That a sum not exceeding 80/. be appropriated to the con- 
struction of a Telescopic Lens, or Lenses, out of rock salt, under 
the direction of Sir David Brewster. 

2. That a sum not exceeding 15/. be placed at the disposal of 
Professor Powell, for carrying on Experiment^ on the refractive 
indices pf different media on the principle of Fraunhofer, as 
recommended in the reports of the Association. 

3. That sol. be placed at the disposal of Prof. Wheatstone, 
for procuring a Theodolite and Prism to prosecute his researches 
oHxthe prismatic examination of the Electro -Magnetic spark. 

• See for observations on Radiant Heat Dr. Hudson’s paper in the Fourth 
volume of the Association* s Reports f p. 163. 
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Desiderata noticed in Sir David Brewster* s Report, 

The determination of various co>25fan^5—namely, 

1 . The refractive indices of the two pencils in,g.ll crystallized 
bodies, measured in reference to definite points of the spectrum. 

2. The angles at which light is polarized by reflection from 
crystallized and uiicrystallized surfaces. 

3. The inclination of the resultant axes of crystals having 
double refraction, for different rays of the spectrum. 

4. The dimensions of the ellipse which regulates the polariza- 
tion of metals and their alloys. 

5. The circularly polarizing forces of fluids and solutions. 

6. The refractive and dispersive powers of ordinary solid and 
fluid bodies, measured according to the method of Fraunhofer. 

7. Experimental determination of the effects of the absorption 
of light by gases upon the light of the fixed stars, (vol. i. p. .322.) 

Desiderata noticed in Professor Lloyd's Report, 

1 . Measurement of the refractive indices corresponding to the 
seven principal fixed lines of the spectrum in various singly re- 
fracting substances, according to the method of Fraunhofer. 

2. Similiir determination of the principal refractive indices of 
crystals, in continuation of the researches of M. Rudberg. 

3. Experimental examination of FresneFs theory of double 
refraction, in biaxal crystals. 

4. Comparison of FresneFs formulie for the intensity of re- 
flected and refracted light, with observation. 

5. Theory of reflexion at the surfaces of crystallized media 
and metals, according to the principles of the wave theory. 

6. Explanation of the peculiar laws of double refraction and 
polarization in rock crystal, according to the same theory. 

7 . Physical account of the pligenomenon of circular polariza- 
tion ill liquids. 

8. Physical theory of absorption. 


CHEMISTRY. 

Resolutions of the Committee, 

1. That Dr. Dalton and Dr. Prout be requested to institute 
experiments on the specific gravities of Oxygen, Hydrogen, and 
Carbonic Acid, and that a sum not exceeding 50/. be appropri- 
ated to defray the expense of any apparatus which may be re- 
quired. 
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2. That British chemists be invited to make experiments for 
removing the doubts respecting the proportions of Oxygen, 
Azote, &c., in the Atmosphere ; for determining the proportions 
of Azote and Oxygen in Nitrous Gas and Nitrous Oxide ; and 
for more accurately investigating the specific gravity of the com- 
pound gases in general. 

3* That the sum of 25/. be placed at the disposal of the Rev. 
W. V. Harcourt for the further prosecution of experiments on 
the effects of long-continued heat upon rocks, minerals, and 
other substances*. 

4. That Dr. Turner t be requested to extend his researches 
into the Atomic Weights of the elementary bodies, and to re- 
port on the progress recently made in this branch of chemical 
science. 

5. That Professor Johnston be requested to undertake a se- 
ries of experiments into the comparative analysis of Iron in the 
different st^es of its manufacture. 

6. That Professor Johnston be requested to extend and re- 
vise his table of Chemical Constants, and that the sum of 20/. be 
placed at his disposal for that purpose. 

7 . That an examination be made into the nature and quantity 
of the gases given off from Thermal Waters, whether^here be any 
variation m these respects according to season of the year, hours 
of the day, or condition of the atmosphere ; and whether there 
be any changes of temperature in the same waters. 

8. That the Gaseous Products which are discharged from the 
chimneys of smelting and other furnaces and fireplaces, be ex- 
amined, at various periods of the operations carried on in them, 
with a view of ascertaining the compounds which are formed 
when the processes are most successfully conducted, and also 
of detecting the existence of compounds which may perhaps be 
new or valuable. 

9. That a Committee be appointed to report their opinion as 
to the adoption by British chemists of an uniform system of 
Chemical Symbolst. 

10. That an extension of the researches commenced by Sir 
David Brewster into the optical properties of Minerals be re- 
commended to the attention of chemists. 

11. That Mr. Graham he requested to submit to further in- 
vestigation the amount of security to be derived from the Safety- 
lamp, and the means of improving it. 

• For a report of experiments instituted by Mr. Harcourt, in Yorkshire, at 
the Low Moor Iron Works, and at the Elsecar Furnace, see vol. iii. 

f For a notice of the researches of Dr. Turner, see vol. ii. p.399. 

J For this report, see vol. iv. p. 207. 
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MINERALOGY. 

Resolutions of the Committee. ^ 

1. That Prof. Miller be requested to determine the form and 
optical characters of those Crystallized Bodies which have not 
been previously examined, and that chemists be invited to send 
him specimens of perfect artificial crystah. 

2. That Dr. Turner, Prof. Miller, Mr. Brooke, and the Rev. 
W. Whewcll, be requested to cooperate in prosecuting and pro- 
moting the following inquiries, with a view to examine the the- 
ory of Isomorphism, and the connexion between the crystalline 
forms and chemical constitution of Minerals : — 

I. To determine whether the angles of varieties of the 
same species (in the usual acceptation of identity of 
species) are identically the same, under various cir- 
cumstances of colour, appearance, and locality ; and if 
not, what are the differences ? 

II. To determine the chemical constitution of such va- 
rieties, — the specimens, mineralogically and chemically 
examined, being in all cases the same. 

III. To determine what quantity of extraneous sub- 
stances may be mixed with a crystalline salt, without 
altering its form. 

IV. To determine the angles of the various species or 
varieties of isomorphous or plesiomorphous groups, — 
and their respective chemical composition. 

Desiderata noticed in Mr. WhewelVs Report. 

1. To determine the optical differences on which depend the 
distinctions of the different kinds of lustre, metallic^ adaman^ 
tine, vitreous, resinotcs, pearly. 

2. To determine whether the oblique rhombic prism consti- 
tutes a real system of crystalline forms, or is a hemihedral form 
of the right prism. 

3. To determine the limits oi magnitude and simplicity in 
crystallometrical ratios. 

4. To determine whether chemical groups are strictly iso- 
morphous or only plesiomorphous. 

5. To determine whether the angles of plesiomorphous cry- 
stals are separated by definite or by indefinite steps. 

6. To determine what are the differences of chemical compo- 
sition corresponding to differences of optical structure in re- 
sembling minerals, as apophyllite, tesselite, leucocyclitc. 



XXVI 


FIFTH BEPORT — 1835 . 


GEOLOGY. 

^ Resolutions of the Committee. 

1. That it be represented to the Government that the ad- 
vancement of various branches of science is greatly retarded by 
the want of an accurate map of the whole of the British Islands, 
and that the expediting the completion of the still unfinished or 
unpublished portions of the Ordnance Survey is much to be de- 
sired. 

2. That measurements should be made, and the necessary 
data procured, to determine the question of the permanence or 
change of the relative level of Sea and Land on the coasts of 
Great Britain and Ireland ; and that for this purpose, a sum not 
exceeding 100/. be placed at the disposal of a Sub-committee, 
consisting of Mr. Greenough, Mr. Lubbock, Mr. G. Rennie, 
Prof. Sedgwick, Mr. Stevenson, and the Rev. W. Whewell : — 
the measurements to be so executed, as to furnish the means of 
reference in future times, not only as to the relative levels of 
the land and sea, but also as to waste or extension of the land. 

3. That Prof. Phillips be requested to draw up, with such co- 
operation as he may procure, a Systematic Catalogue of all the 
organized Fossils of Great Britain and Ireland, hitherto described, 
with such new species as he may have an opportunity of accu- 
rately examining*. 

4. That Mr. John Taylor be requested to collect detailed sec- 
tions of the Carboniferous series of Flintshire, with a view to a 
comparison with the same series in other parts of England ; — 
with a view also of ascertaining the circumstances under which 
the Mountain Limestone is developed, after its suppression in 
certain coal-fields in the central parts of England. 

5. That the attention of geologists be invited to those coal 
districts in the midland counties of England, where, the Car- 
boniferous Limestone and Old Red Sandstone being deficient, 
the coal measures rest immediately on the Grauwacke and Trans- 
ition rocks ; — with a view to discover whether any circum- 
stances connected with the physical structure of that part of the 
island can be stated, explanatory of the local absence of the two 
great formations above mentioned. 

6. That the direction, intersection, inclination, and breadth 
of the non-metalliferous Fissures which cross the planes of the 
strata, and in some instances divide many contiguous strata, 

* This catalogue is commenced, several monographs arc composed. Com- 
munications, lists of organic remains, notices of localities, md. specimens of new 
or undescribed species^ may be addressed to Professor Phillips, Museum, York. 
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should be observed, in relation to the same circumstances in 
the dykes and mineral veins of the vicinity ; with a view to 
ascertain whether any and what dependence there may be be- 
tween these phaenoniena^. 

7 . That the quantity of Mud and Silt contained in the water 
of the principal rivers of Great Britain should be ascertained, 
distinguishing, as far as may be possible, the comparative quan- 
tity of sediment from the water at different depths, in different 
parts of the current, and at different distances from the mouth 
of the river ; distinguishing also any differences in the quality 
of the sediment, and estimating it at different periods of the 
year ; and that the sum of 20/. be placed at the disposal of the 
Rev. J. Yates and Mr. G. Rennie, for the purpose of these ex- 
periments. 

8. That with a view to the improvement of our knowledge of 
the Fossil Ichthyology of the British Islands, a sum not ex- 
ceeding 105/. be paid to Dr. Buckland, Prof. Sedgwick, and Mr. 
Murchison, to be applied for the purpose of assisting M. Agassiz 
in carrying on his Ichthyological work. 

8 a. That a further sum of 105/. be applied to the same pur- 
pose. 

9. That a Catalogue be formed of all known Basaltic Dykes 
in the United Kingdom, with an account of the direction of 
each in regard to the meridian, the distance of which it has been 
traced, and the rocks which it passes through. 

10. That a list be collected of all places in which Shells of 
existing species have been found on dry land, with the heights 
of such places above the mean tide levels, and their distance 
from the coast, specifying the names of the several shells, and 
the area over which they extend. 

10 a. That evidence be collected as to the direction and pro- 
bable sources from which drifted blocks and pebbles referriblc 
to rocks not existing in the neighbourhood, where they now 
occur as insulated blocks or in beds of superficial gravel, may 
have been derived. 10 A. That evidence be collected as to the 
form and direction of hills or ridges of superficial gravel, and 
the sources whence the materials of such gravel-hills may have 
been transported to their present place. 

10 c. That observations be made on the direction and depth 
of grooves and furrows, such as are often found on the faces of 
hard rocks and beneath superficial deposits of drifted clay and 
gravel not referrible to the action of any existing currents. 

* Professor Phillips has stated Reports, vol. iii. p. 654,) the results of his 
examination on this subject in certain parts of the North of England, and re- 
quests to be favoured with communications relating thereto. 
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Desiderata noticed in Mr. Conybeare^s Report. 

1. An accurate examination of the conclusions deducible from 
the known density of the earth, as to the solid structure and 
composition of the interior. 

2. The attention of residents in our remote foreign depen- 
dencies to the two great questions of comparative Geology and 
Palaeontology. 1. Is there or is there not such a general uni- 
formity of type in the series of rock-formations in distant coun- 
tries, that we must conceive them to have resulted from general 
causes of almost universal prevalence at the same geological 
aera? 2. Are the organic remains of the same geological period 
specifically similar in very remote districts, and more especially 
under climates actually different ; or are they grouped togetlier 
within narrower boundaries and under restrictions as to geo- 
graphical habitats, analogous to those which prevail in the 
actual system of things ? 

3. An examination of the geological structure of the countries 
constituting the great basin of the Indus ; where, if in any part 
of India, it is supposed a complete series of secondary strata 
may be expected. 

4. To determine, by induction, the forces which have pro- 
duced the elevation and general configuration of the land, and 
to investigate the dynamical laws of these forces*. 

Desideratum noticed in Mr. Taylor's Report on Mineral Feins. 

A correct account of the aflSnity that the contents of a vein 
bear to certain of the rocks in which the fissure may be situated. 


NATURAL HISTORY. 

Resolutions of the Cotnmittee. 

1. That a Committee be appointed for devising the means of 
forming and publishing a full and arranged Catalogue of works 
on Natural History. 

2. That a Committee be appointed to obtain an exact Cata- 
logue of the Animals and Plants inhabiting Ireland. 

3. That Mr. Ball be requested to investigate the mode by 

• Reports, vol. i. p. 408. See Mr. Hopkins’s Essay on Phys. Gcol. in the 
Transactions of the Cambridge Philosophical Society. 
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which Echinus lividus excavates the rocks OD which it is found, 
and to report the results to the next Meeting. 

4. That the following subjects of inquiry be recommended to 
the consideration of zoologists : 

a. The use of horns in the class Mammalia \ the reason of 
their presence in the females of some and their absence 
in those of other species ; the connexion between their 
development and sexual periods ; the reason of their 
being deciduous in some tribes and persistent in others. 
h. Tlie use of the lachrymal sinus in certain families of the 
Ruminantia*. 

c. The conditions which regulate the geographical distribu- 

tion of Mammalia. 

d. The change^} of colour of hair, feathers, and other ex- 

ternal parts of animals 5 how these changes are effected 
in parts usually considered by anatomists as extra- 
vascular. 

e. The nature and use of the secretions of certain glands 

immediately under the skin, above the eyes, and over 
the nostrils, in certain species of the Grallatores and 
Natatores ; the nature and use of the secretion of the 
uropygial gland. 

/. How long and in what maimer can the impregnated ova 
of Fishes be preserved, for transportation, without 
preventing vivification when the spawn is returned to 
water. 

g. Further observations on the supposed metamorphosis of 

Decapod Crustacea, with reference to the views of 
Thompson and Rathke f- 

h. The situation of the sexual organs in male Spiders, and 

on their supposed connexion with the palpi J . 

i. The use of the antennse in Insects. Are they organs of 

hearing, of smell, or of a peculiar sensation ? 
k. The function of the femoral pores in Lizards, and the 
degree of importance due to them as offering charac- 
ters for classification. 

5. That botanists in all parts of Great Britain and Ireland be 
invited to compose and communicate to the Meetings of the Asso- 
ciation, Catalogues of local Floras, with indications of those 
species which have been recently introduced, of those which are 

* See Dr. Jacob’s remarks, Reports^ vol. iv. p. 208. 

+ See essays by Mr. Westwood and Mr. Thompson in Phil Trans. 
t See Mr. J. Blackwall’s paper, Reports, vol. ii. p. 444. 
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rare or very locals and of those which thrive, or which have be- 
come, or are becoming extinct ; with such remarks as may be 
useful towards determining the connexion which there may be 
between the habitats of particular plants, and the nature of the 
soil and the strata upon which they grow; with statements of 
the mean winter and summer temperature of the air and the 
water, at the highest as well as the lowest elevation at which 
species occur ; the hygrometrical condition of the air, and any 
other information of an historical, oeconomical, and philosophi- 
cal nature* 

6. That Professor Daubeny be requested to institute an ex- 
tended inquiry into the exact nature of the secretions by the 
roots of the principal cultivated plants and weeds of agriculture ; 
and that the attention of botanists and chemists be invited to the 
degree in which such secretions are poisonous to the plants that 
yield them, or to others ; and to the most ready method of de- 
composing these secretions by manures or other means. 

7 . That Mr. Mackay be requested to institute a series of ex- 
periments to determine the limits of species in the genus SaxU 
fragUy and especially of those which are natives of Ireland. 
Likewise, that he be requested to communicate a detail of the 
peculiarities of the vegetation of the east and west coasts of 
Scotland and of the opposite coast of Ireland. 

8. That a Committee be formed to conduct a series of experi- 
ments on the growth of plants from seeds, and to preserve the 
results of their experiments, in order to establish the identity or 
confirm the specific distinctions of certain allied plants, and to 
communicate the results obtained from year to year at the Meet- 
ings of the Association*. 

Desiderata noticed in Mr. Jenyns^s Report on Zoology. 

1 . Local Faunas, in which the structure and habits of animals, 
although only of a few species, shall be given with scrupulous 
accuracy — monographs in which species shall be investigated 
with a view to their exact differences, and in which the syno- 
nyms of those which have been noticed by other authors shall 
be distinctly made out. 

2. Further attention to the Fishes and Invertebrata of the 
British coasts, and especially to the Radiata of Cuvier. {Reports j 
vol. iii. p. 249.) 

♦ Mr. Don, Librarian to the Linnaean Society, has undertaken to be the 
channel of correspondence on this subject. 



xxxi 


DESIDERATA^ ETC. 

Desiderata noticed in Professor Lindley's Report on Botany. 

!• An accurate account of the manner in which the woody 
part of plants is formed. 

2. An investigation of the comparative anatomy of flowerless 
plants, with a view to discover in them the analogy and origin 
of their organic structure. 

3. The cause of the various colours of plants. 

4. The nature of the faecal excretions of cultivated plants, and 
of common weeds; the degree in which those excretions are 
poisonous to the plants that yield them, or to others ; the most 
ready means of decomposing such excretions by manures or 
other means. 


MEDICAL SCIENCE. 

Resolutions of the Committee. 

1 . That the efl*ects of poisons on the animal oeconomy should 
be investigated and illustrated by graphic representations ; and 
that a sum not exceeding 25/. be appropriated for this object. 
Dr. Roupell and Dr. Hodgkin were requested to undertake this 
investigation*. 

2. That an experimental investigation should be made of the 

sensibilities of the Nerves of the Brain ; and that a sum not ex- 
ceeding 25/. should be appropriated to this object. Dr. Mar- 
shall Hall and Mr. S. D. Broughton were requested to undertake 
these experimentsf. ^ 

3. That two Committees be appointed, one to meet in Edin- 
burgh and the other in London, for the purpos^jf investigating 
the anatomical relations of the absorbent and n^rous systems in 
the different classes of animals, to be illustrated by injected pre- 
parations and graphic representations, and that the sum of 25/. 
be placed at the disposal of each Committee for assisting the 
prosecution of these researches. 

4. That two Committees be appointed, one to meet in Edin- 
burgh and the other in Dublin, to investigate the motions and 
sounds of the heart, and that the sum of 50/. be placed at their 
disposal:}: ; and that it be an instruction to these Committees to 
determine whether the muscular fibres of the columnae carneae 
contract at the same precise moment as the mass of muscular 
fibres of the ventricle ; also, what is the precise mode in which 

♦ Reports^ vol. iv. pp. 211 and 235. f Reports^ vol. iii. p. 676. 

X Reports, vol. iv. p. 213. 
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the tricuspid and mitral valves prevent the reflux of blood ; — are 
they floated up and stretched across the auriculo-ventriciilar 
orifices, or are they drawn together to a point within the cavity 
of the ventricle by the action of the columnae carneae ? 

5. That two Committees be appointed, one to meet in Edin- 
burgh, the other in London, to communicate with the London 
Statistical Society and the Statistical Committee of the Associa- 
tion relative to a registration of deaths, comprising particulars 
of a medical nature*. 

6. That a Committee be appointed in Dublin to report on the 
pathology of the brain and nervous systemf* 

7. That, considering the importance of the inquiry instituted 
by Dr. Osborne on the action of cold and on the application of 
a particular modification of the thermometer to the measuring of 
refrigeration of the human body. Committees be appointed in 
London, Edinburgh, and Dublin to prosecute the said inquiry. 


ARTS. 

! 

Resolutions of the Committee. 

1. That Messrs. Hodgkinson and Fairbairn be requested to 
undertake a series of experiments on the difference of strength 
and other mechanical properties of iron obtained by the hot and 
cold blast under similar circumstances to the nature of the coal 
employed, and from the same manufactory, and that a sum not 
exceeding 30/. be placed at their disposal for that purpose. 

2. That thi sum of 50/. be applied towards procuring, printing, 
and circulating periodical statements of the duties of steam- 
engines in Cojpwall and elsewhere. 

Desideratum noticed by Professor Barlow in his Report on the 
Strength of Materials, 

A set of experiments on the application of a straining force 
on vertical columns (of timber, iron, &c,). 


STATISTICS. 

Resolutions of the Committee, 

1. That Colonel Sykes be requested to prepare for publica- 
tion his valuable statistical returns, collected by himself in India, 

* IleporUy vol. iv. p. 251. t Reports, vol, iv. 
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relative to four collectorates of ^ the Deccan, subject to the 
BombayiGofbrnaient. 

2. That Prof^lft Jones be requested to endfeavo^r to obtain 
permission tnexaimine the statical records understood^to exist 
in great number in the archii^ Of the India House, and to pre- 
pare an ^couut of the natuto and extent of them*. ' 

‘jSi''^hat Mr. Taylor be requested to draw up a seriesof ques- 
ti^^ upon the condition and habits of the mining population of 
Cornwall and Wales, with a view to obtain a complete account 
of the statistics of that class. 

4. That Dr. Chawnor be requested to furnish to the Statisti- 

ofthe British Association a return of the inquisi- 
tion? taken before the Coroners of the county of Nottingham and 
elsewhere within his neighbourhood ; and that it would be' highly 
desirable to have similar returns frpm all the counties of En^ 
gland during the seven years ending 1 834, and that Mr: Hals-, 
well be requested to draw up a form in which to make this 
record, and to obtain for the Association the returns from as 
large a number of districts as may be in his power. 

5. That Mr. Halswell be requested to furnish returns of the 
Hanwell Lunatic Asylum since its commencement. 

6. That inquiries into the state of education upon the plan 
pursued by the Statistical Society of Manchester would afibrd 
a very useful addition to statistical knowledge, and that it be 
recommended that such inquiries be pursued in other towns and 
districts, aUd the results arranged, for the sake of uniformity, 
under the same heads as those adopted by the Manchester 
Societyf. 


DIRECTIONS FOR OBSERVING THE TIDES. 

Observations of tides along the coasts of Great Britain and 
Ireland will be valuable, both in the construction of more ac- 
curate tide-tables, and as data toward the perfection of the 
theory of tid^s. _ 

■ Observationi? of the tides shoidd record particularly,— 

The time in hours and minutes, and height of high-water 
di^, or, if convenient, every tide^ ; . , 

The time and height of IbW' Watbr. 

' " "V''; 

* Professor JvnM r«sporteto in pur^ace of this re- 

commendation, he had api^m for 'acc^~to, ttmarchw«S<>f:the. Ehtst India 
Company', and that,' «idt uieir accustomed liherahty, they, had hS^ed‘'faim 
every fodlity for prosecuting his researches, 
t Reporh, vol. iv., Notices, p. 122, infrd. 
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The direction of the wind, and tlie height of the barometer 
and thermometer. 

Tlie direction and velocity of the stream of flow and ebb. 

At what hour (with respect to the time of high-water and 
low- water) the slack-water after the stream of flood, and after 
the stream of ebb, respectively occur. 

The height of the water must be given from some fixed mark 
or IhiCy which should be described accurately, so that it may be 
easily found again at a future time. The observer ought to 
state the manner in which the height was measured ; the man- 
ner in which the moment of high-water was fixed upon ^ the 
time employed, whether apparent or mean solar timey and how 
it was obtained. 

The height of the water at the end of every minute for half 
an hour before the expected time of high-water, and until there 
can be no doubt that the time of high-water is past. Machines 
to dispense with this minute attention are described in the 
Philosophical TransactionSy 1831, and in the Nautical Maga- 
zine for October, 1832*. 

The uncertainty occasioned by waves may be avoided by 
making the observation in a chamber, to which the water has 
access by a small opening, or by fixing in the water an upright 
tube (of wood or iron, for instance), the bottom or sides of the 
tube being perforated ; in either case an upright measuring rod, 
carefully graduated, and connected to a float, will rise and fall 
with the tide, and permit, at any moment, the height of the 
water to be read off against the collar through which it works. 
This rod may be so constructed as to leave a moveable index at 
the highest and lowest points. 

A long series of continued observations can alone be of use 
towards the determination of the dependence of the time, height, 
and other circumstances of high- and low-water upon the places 
and distances of the sun and moon ; but a smaller number of 
observations will often be sufficient to determine the establish- 
ment of any place, with more or less accuracy, according to the 
number of observations ; and the best mode of doing this is by 
comparative observations with some place of which the establish- 
ment is accurately known, or where observations are continually 
carried on. A few sets of comparative observations of neigh- 
bouring places will give the relative time of high-water at these 
places with considerable accuracy ; and thus the motion of the 
tide-wave and the arrangement of the eotidal linesy (or lines 

♦ Tide-gauges may be seen in operation at St. Katharine's Docks, London. 
An excellent one has lately been set up near Bristol by the Literary and Phi- 
losophical Institution of that city. 
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along which it is high-water at the same instant,) will be dis- 
covered. It would be very desirable for those who have the op- 
portunity, to combine, so as to effect the detailed description of 
the tides through some small extent of coast, such as that which 
has been effected by M. Daussy for the west coast of France. 


DIRECTIONS FOR OBSERVING THE AURORA 
BOREALIS. 

Notwithstanding the attention which has been paid to the 
phsenomena of the Aurora Borealis, and the various hypotheses 
which liave been imagined to explain them, it will be found that 
th(?re is a want of information on the points which are most 
necessary as bases of induction ; and the British Association 
have therefore been induced to appoint a Committee in the ex- 
press view of directing observers to the really important features 
of this meteor, and of obtaining, by a system of contempo- 
raneous observation, data which experience show-s cannot be 
derived from insulated exertion. 

The following are the most important points which demand 
the attention of observers : 

1 , The elevation of the auroral arches and streamers above 
the surface of the earth. 

2, The determination of the question whether the auroral ex- 
hibition is accompanied by sound. 

3. The existence of recurring periods of frequency and 
brilliancy in the Aurora. 

4. The influence of arches, streamers, and other auroral phae- 
nomena upon the magnetic needle. 

1. It is recommended to all who intend to observe auroras 
to make themselves well acquainted with the names of all the 
principal stars to the north of the equator, especially those 
which do not set here. This will be most easily done by study- 
ing a celestial globe. Good maps of the stars may also be coii- 
sulted with advantage. Either the proper names or the Greek 
characters with the name of the constellation will be sufficient. 

Persons who may prefer to determine the angular elevation 
and position of the arches and streamers by graduated instru- 
ments, must be supposed well accustomed to the use of them ; 
they may, however, he reminded that telescopic sights are for 
this purpose \iseless, and that steady instruments, which can be 
handled with case and expedition, are much more available for 

c 2 
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observations of these faint and often fluctuating meteors^ than 
others of a more refined eonstriiction. 

2. It is recommended that a magnetic needle be kept in a 
proper place, suspended by a silk fibre or slender hair (a point - 
support not being delicate enough), and so mounted, that devia- 
tions can be observed to the accuracy of V. It has been found 
convenient to fix in a garden a stone pedestal, on which, at 
three invariable points, tlie frame of the magnetic needle rests 
under a glass cover. The needle, 9 inches long, and of such a 
weight as to perform about 10 vibrations in a minute, is sus- 
pended by one slender hair. There are simple contrivances to 
steady the needle when recpiired, and to adjust the length of the 
suspending liair. The scale is divided in degrees for 30° on 
each side of the centre, and in H/ for 1° on (?aeh side. Tlwiv 
is no vernier, but the place of the needle on the scale is read off 
with gi’eat ease by looking through a fixed magnifying-glass 
from ail opening at some height above, so as to avoid sensible 
parallax. Professor Christie has described more coiujilete ap- 
paratus for this purpose in the Journdl of the Roi/al Institu- 
tion y New Series, vol. ii. p. 2 / 8 . The observer must leave his 
wateli with the assistant, very carefully remove all keys, knives, 
and other things containing iron from his dress, and all loose 
iron tools ancl utensils to at least 20 feet distance from the 
needle. If these precautions are not scrupulously attended to, 
the results will be fallacious. It is proper to caution the obser- 
ver that there is a i^egular dailtj variation of the needle, inde- 
pendent of the Aurora. 

Dipping-needleSy unless constructed with the utmost care, 
cannot be considered very satisfactory instruments ; yet, if 
their suspension be sufficiently delicate, they may probably very 
well answer for observations during Aurora, of which the object 
is to determine, not the absolute dip of the needle^ hut th(' 
rhange of dip occasioned by the Aurora. The same precautions 
of one certain position, removal of iron, &c. arc necessary, as in 
the use of the horizontal needle. 

3. It is recommended that arrangements be made for ascer- 
taining the error of a watch. If near an observatory of any 
kind, the watch should be compared with the transit clock there 
immediately after an Aurora ; if there is a good meridian line, 
or good dial, the error of the watch on mean time should be 
found as soon as possible ; if a watchmaker in the neighbour- 
hood has a good regulator, the watch should be adjusted by it, 
and the mode of keeping the regulator should be ascertained ; 
if a mail-c^nieh from liondoii passes near, the guard’s watch 
may be cnnsulted. The hmgiindc of tiie place of observation 
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should be ascertained from a map or otherwise. The attention 
of observers is especially called to the i)oint of ascertaining the 
time correctly, as it is one of the most important points, and 
the one which probably will require the longest forethought. 

4, In default of intelligence of an Aurora, the observer should 
go out of doors to some station where the horizon is pretty clear, 
and look about every evening at 10, Greenwich mean solar time, 
as near as may be. He should keep a journal, noting for this 
time every evening whether there was an Aurora; a single word 
will be sufficient. 

5. As soon as the observer perceives or receives notice of an 
i^urora, he should, if accustomed to magnetic observations, ob- 
serve the magnetic needle, and should go to some eommanding 
situation with his watch in his hand, and a note-book. A ])cr- 
soii so prepared will have little difficulty in fixing on the ap- 
pearances most w^orthy of notice. We may, how ever, point out 
the following : 

If there is an arch, the positions of its tw^o boundaries, 
its terminations, &c. should be noted by the way in 
which they pass among the stars (the proportion of 
distances between the stars admitting of very accurate 
estimation by the eye). If, as rarely happens, the sky 
is cloudy, the observer may notice the elevation and 
extent of the arch by moving till it appears to touch 
the top of some terrestrial object, noting his situation 
as well as he can, and the next day observing with a 
theodolite the angular elevation and azimuth of the 
object; or ascertaining the height and horizontal di- 
stance, and thence computing the angular elevation, 
and observing the azimuth by a common compass ; 
but it is recommended not to adopt this method when 
the observation of stars is practicable. Notice should 
be taken wdicther one edge is better defined tlian the 
other ; wdiether there is clear sky or dark cloud above 
or below^ ; w hether it terminates at the end in sky or in 
cloud ; w hether there is any dark band in it ; whether 
in its general composition it is uniform or striated ; 
whether stars can be seen through it, &c. 

II. If any change takes place in the situation or appear- 
ance of the arch, the observer should instantly look at 
his watch and set down the time, and then proceed to 
note the change. 

III. If there are beams or streamers, the time should be 
noted ; then their position among the stars ; then their 
liciglit among the stars ; their motion (whether verti- 
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tical or horizoutiil) ; the velocity of motion (by the time 
of passing from one star to another) ; their changes ; 
their pernianency ; whether they appear to ulfect the 
arch, or to be entirely in front of it. 

IV. If there are any black clouds in the luminous re- 
gion, notice should be taken whether the streamers 
seem to have any relation to them ; whether the arch 
seems to have any relation to them ; whether and in 
what manner they increase or disappear. 

V. If there arc waves or flashes of light, the observer 
should notice the time of beginning and of finishing ; 
the general extent of the flaslxes (up and down, as well 
as right and left) ; whether the flash is a real progress 
of light or successive illumination of different places ; 
and anything else that strikes him. 

VI. The existence and change of colours will, of course, 
be noticed. 

VII. From time to time the needle should be observed. 
If there are two persons capable of accurate observa- 
tion, it is most desirable that one should steadily watch 
the needle and the other the sky. 

6. When all is over, the observer should immediately put his 
rough notes in form, and as soon as possible should compare his 
watch with the regulator, or other authority for his tinje, 

7. The next day he should, from a celestial globe, take the 
altitudes and azimuths by mecins of the stars ; he should reduce 
his observed time to Greenwich mean solar time, and he should 
append these reductions to his rough observations. In this 
state the observations are fit for publication, and adapted for 
immediate use. It is desirable that they should be transmitted 
without delay to the Assistant Secretary of the British Asso^ 
ciation^ Museum, York, 


FALLING STARS. 

M. tluetelet’s mode of observing these meteors is contained in 
the following extract of a letter from him : — 

I take my station out of doors, in a situation which commands 
a good view of the sky, with a good map of the heavens spread 
out before me. When a falling star appears, I mark on the map 
the point of its commencement, the line of its course amongst 
the nearest stars, and the point where it vanished. This is done 
by an arrow lim, which marks the apparent direction and extent 
of the course of the meteor \ the time is carefully noted , a nuiii- 
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ber of reference is placed on the line, and the principal circum- 
stances of the meteor arc then registered in tables of the following 
form 

Magnitude Duration of Time of • 

Epoch. No. relative to stars, the appearance, appearance. Remarks. 

Aug. 29. 1 2 2".5 10*^ 6' 4". 

It is important to remark, whether the falling star leaves, or 
not, any trave of its course, as sometimes happens, in the form 
of reddish scintillations ; the condition of the atmosphere, as 
determined by the usual instruments, should be noted ; the time 
must be accurately ascertained ; more than one observer should 
be engaged at each station, because the meteors sometimes suc- 
ceed one another very quickly, and the duration of the phaeno- 
menon is too short to permit one person to note the position, 
time, and circumstances of each, with sufficient precision*. 


CONSTANTS OF NATURE AND ART. 

^^Aiuoiigst those works of science which are too large and too 
laborious for individual efforts, and are therefore lit objects to 
be undertaken by united Academies, I wish to point out one 
which seems eminently necessary at the present time, and which 
would be of the greatest advantage to all classes of the scientific 
world. 

I would propose that its title should be The Constants of 
Nature and of Art. It ought to contain all those facts which 
can be expressed by numbers in the various sciences and arts."' 
{Babbage j Edinburgh Journal of Science ^ N.S,, A^o. 12.) 

The following extracts from Mr. Babbage’s general plan of 
contents will exemplify the objects and arrangement of the pro- 
posed work. 

These contents should consist of — 

1. All the constant quantities belonging to our system; — as 
distance of each planet, — period of revolution, — inclination of 
orbit, &c. — proportion of light received from the sun, — force of 
gravity on the surface of each, &c. 

2. The atomic weight of bodies. 

3. List of the metals, with columns for specific gravity, — 
electricity, — tenacity, — specific heat, — conducting power for 

• Contemporaneous observations are especially desirable on this subject; per- 
sons desirous of undertaking this investigation are therefore requested to apply 
to a member of the Auroral Committee, or to the Assistant Secretary at York, 
for information of the evenings and hours appointed for this purpose. 
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lu’;it,~coa{luctiiig power for electricity, — melting-point, — re- 
fractive power, — [)roportioii of rays reflected out of 1000,— at 
an incidence of 90% 

■1. Specific gravities of all bodies. 

5. List of Afammalia, with columns for height, — length, — 
weight, — weight of skeleton, — weight of each bone,— its greatest 
length,— its smallest circumference, — its specific gravity, — num- 
ber of j'omig at a birth, — number of pulsations per minute,— 
number of inspirations per minute, — period of blindness after 
birth, — of sucking, — of maturity,— temperature, — average dura- 
tion of life, — proportion of males to females prodiiced, &c. &c. 


SYNOPSIS OF SUMS APPROPRIATED TO 
SCIENTIFIC OBJECTS. 


llcductUm of Observation.s of Stars 

Discussion of Tides 

Constant of Lunar Nutation 

Meteorological Instruments 

Observations of the Temperature of the Earth . . . . 

Comparative Level of Laud and Sea 

Fossil Ichthyology 

Len.s of llock-salt 

Hourly Temperature 

Specific Gravity of Gases 

Absorbents and Veins 

Sounds of the Heart 

Duty of Steam-engines 

Electric Light 

Equations 

Strength of Iron 

Experiments on long-continued Heat 

Chemical Constants 

Refraction 

Tide Transcripts 

Rain-gauge Experiments 
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ADDRESS 


BY 

PROFESSOR SIR WILLIAM R. HAMILTON. 


It has fallen to my lot, Gentlemen, as one of your Secretaries for 
the year, to address you on the present occasion. The duty would, 
indeed, have been much better discharged had it lieen undertaken by 
my brother secretary ; but so many other duties of our secretarysliip 
had been performed almost entirely by liim, that I could not refuse to 
attempt the execution of this particular office, though conscious of its 
difficulty and its importance. For if we may regard it as a thing 
established now by precedent and custom that an annual address 
should be delivered, it is not, therefore, yet, and I trust that it will 
never be, an office of mere cold routine, a filling up of a vacant hour, 
on the ground that the hour must be some way or other got rid of. You 
have not left your homes — you have not adjourned from your several 
and special businesses — you have not gathered here, to have your time 
thus frittered away in an idle and unmeaning ceremonial. There 
ought to be, and there is, a reason that some such thing should be 
done ; that from year to year, at every successive reassembling, an 
officer of your body should lay before you such an address ; and in 
remembering what this reason is, we shall be reminded also of the 
spirit in wdiich the duty should be performed. The reason is the fit- 
ness and almost the necessity of providing, so far as an address can 
provide, for the permanence and progression of the body, by inform- 
ing the new members, and reminding the old, of the objects and natiire 
of the Association, or by giving utterance to at least a few of those 
reflections which at such a season present themselves respecting its 
progress and its prospects ; and it is a valid reason, and deserves to 
be acted upon now, however little may have been left unsaid in the 
addresses of my predecessors in this office. For if even amongst the 
members who have attended former meetings, and have heard those 
eloquent addresses delivered by former secretaries, it is possible that 
.1835, ri 
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some may have been so dazzled by tlie splendour of the spectacle, and 
so rapt away by the enthusiasm of the time, as to have given but little 
thought to the purport and the use, the meaning and the function of 
the whole ; much more may it be presumed thit of the several hundred 
persons who have lately joined themselves as new members to this 
mighty body, there are some, and even many, wdio have reflected little 
as yet upon its characteristic and essential properties, and who have 
but little knowledge of witat it has been, and what it is, and what it 
may be expected to become. First, then, the object of the Association 
is contained in its tide ; it is the advancement of science. Our object 
is not literature, though vve have many literary associates, and tliough 
we hail and love as brethren those wlio are engaged in expressly 
literary pursuits, and who are either themselves the living ornaments 
of our land’s language, or else make know n to us the literary treasures 
of other languages, and lands, and times. Our object is not religion 
in any special sense, though respect for religious things, and religious 
men, has always marked these meetings, and though vjc arc all bound 
together by that great tie of brotherhood wliich unites the whole Im- 
man family as children of one Father who is in heaven. Still less is 
our object politics, though we are not mere citizens of the world, but 
are essentially a British Association of fellow-subjects and of fellow- 
countrymen, who give, however, glad and cordial welcome to those 
our visitors who come to us from foreign countries, and thankfully ac- 
cept tlicir aid to accomplish our common purpose. That common pur- 
pose, that object for which Englishmen, and Scotchmen, and Irishmen 
have banded themselves together in this colossal Association, to which 
the eyes of the whole world have not disdained to turn, and to see 
which, and to raise it higher still, illustrious men from foreign lands 
have come, is Science ; the acceleration of scientific discoveries, and 
the diffusion of scientific influences. And if it be inquired how' is this 
aim to be accomplished, and through what means, and by wliat instru- 
ments and process we as a body hope to forward science — the answer 
briefly is, that this great thing is to be done by us through the agency 
of the social spirit, and tlirough the means, and instruments, and pro- 
cess which are contained in the operation of that spirit. We meet, w e 
speak, we feel together nowy that we may afterwards the better think 
and act and feel alone. The excitement with which this air is filled 
wdll not pass at once away ; the influences that are now among us will 
not (we trust) be transient, but abiding ; those influences will be with 
us long — let us hope that they will never leave us ; they will cheer, 
they will animate us still, when this brilliant week is over ; they will 
go with us to our separate abodes, will attend us on our separate 
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journeys ; and whether the mathematician’s study, or the astronomer’s 
observatory, or the chemist’s laboratory, or some rich distant meadow 
unexplored as yet by botanist, or some untrodden mountain-top, or 
any of the other haunts and homes and oracular places of science, be 
our allotted place of labour till we meet together again, I am persuaded 
that those influences w ill operate upon us all, that we shall all remember 
this our present meeting, and look forward with joyful expectation to 
our next reassembling, and by the recollection, and by the hope, be 
stimulated and supported. It is true, that it is the individual man 
who thinks and who discovers ; not any aggregate or mass of men. 
Each mathematician for himself, and not any one for any other, not 
even all for one, must tread that more than royal road which leads 
to the palace awdPfenctuary of mathematical truth, hlach, for himself, 
in his own personal being, must awaken and call forth to mental view 
the original intuitions of time and space; must meditate himself on 
tliose eternal forms, and follow for himself that linked chain of thought 
which leads, from principles inherent in the child and the peasant, from 
the simplest notions and marks of tempor^al and local site, from the 
questions wdicn and where, to results so varied, so remote, and seem* 
ingly so inaccessible, that the mathematical intellect of full-grown and 
fully cultivated man cannot reach and pass them without wonder, and 
something of awe. Astronomers, again, if they would be more than mere 
artizans, must be more or less mathematicians, and must separately 
study the mathematical grounds of their science ; and although in this 
as in every other physical science, in every science which rests partly 
on the observation of nature, and not solely on the mind of man, a faith 
in testimony is required, that the human race may not be stationary, 
and that the accumulated treasures of one man or of one generation 
of men may not be lost to another ; yet even here, too, the individual 
must act, and must stamp on his own mental possessions the imjiress 
of his own individuality. The humblest student of astronomy, or 
of any other physical science, if he is to profit at all by his study, 
must in some degree go over for himself, in his own mind, if not in part 
with the aid of his ow n observation and experiment, that process of in- 
duction which leads from familiar facts to obvious laws, then to the 
observation of facts more remote, and to the discovery of laws of higher 
orders. And if even this study be a personal act, much more must 
that discovery have been individual. Individual energy, individual pa- 
tience, individual genius, have all been needed, to tear fold after fold 
away, which hung before the shrine of nature ; to penetrate, gloom 
after gloom, into those Delphic depths, and force the reluctant Sibyl to 
utter her oracular responses. Or if we look from nature up to nature's 
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God, we may remember that it is written — “ Great are the works of 
the Lord, sought out of Jill those who have pleasure therein.” But 
recognising in the fullest manner the necessity for private exertion, and 
the ultimate connexion of every human act and human thought with 
the personal being of man, we must never forget that the social feel- 
ings make up a large and powerful part of that complex and multiform 
being. The affections act upon the intellect, the heart upon the head. 
In the very silence and solitude of its meditations, still genius is essen- 
tially sympathetic ; is sensitive to influences from without, and fain 
would spread itself abroad, and embrace the whole circle of humanity, 
w'ith the strength of a world -grasping love. For fame, it has been truly 
said, is love disguised. The desire of fame is a form of the yearning 
after love ; and the admiration which rewards that desire, is a glorified 
form of that familiar and every-day love whicli joins us in common life 
to the friends whom w'e esteem. And if we can imagine a desire of 
excellence for its own sake, and can so raise ourselves above (Well if 
we do not in the effort sink ourselves belong the common level of hu- 
manity, as to account the aspiration after fame only “ the last infirmity 
of noble minds,” it will still be true that in the greatest number of 
cases, and of the highest quality, 

Fame is the spur that the clear spirit doth raise, 

To scorn delij^lits, and live laborious days. 

That mysterious joy — incomprehensible if man were wholly mortal — 
which accompanies the hope of influencing unborn generations ; that 
rapture, solemn and sublime, with which a human mind, possessing or 
possessed by some great trutli, sees in proplietic vision that truth ac- 
knowledged by mankind, and itself long ages afterward remembered 
and associated tlierewith, as its interpreter «and minister, and sharing 
in the offering duly paid of honour and of love, till it becomes a power 
upon the earth, and fills the world with felt or hidden influence ; that 
joy which thrills most deeply the minds the most contemptuous of 
mere ephemeral reputation, and men who care the least for common 
marks of popular applause or outward dignity — does it not show^, by 
the revival, in another form, of an instinct seemingly extinguished, how 
deeply man desires, in intellectual things themselves, the sympathy of 
man? If then the ascetics of science — if those who seem to shut them- 
selves up in their own separate cells, and to disdain or to deny them- 
selves the ordinary commerce of humanity — are found, after all, to be 
thus influenced by the social spirit^ we can have little hesitation in 
pronouncing that to the operation of this spirit must largely be ascribed 
the labours of ordinary minds ; of those who do not even affect or seem 
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to shun the commerce of their kind ; who accept gladly, and with ac- 
knowledgedjoy, all present and outward marks of admiration or of 
sympathy, and who are willing, and confess themselves to be so, to do 
much for immediate reward, or speedy though perishing reputation. 
Look where we will, from the highest and most solitary sage who ever 
desired “ the propagation of his own memory,” and committed his 
lonely labours to the world, in full assurance that an age would come, 
when that memory would not willingly be let to die, down to the hum- 
blest labourer who was ever content to cooperate outwardly and sub- 
ordinately with others, and hoped for nothing more than present and 
visible recompense, we still perceive the operation of that social spirit, 
that deep instinctive yearning after sympathy, to use the power, and 
(if it may be dori?) to guide the influences of which, this British Asso- 
ciation was framed. Thus much I thought that I might properly pre- 
mise, 'bn the social spirit in general, and its influence upon the intellect 
.of man ; since that is the very bond, the great and ultimate reason, of 
this and of all other similar associations and companies of studious 
men. But you may well expect that in the short remaining time which 
your leisure this evening cun spare, 1 should speak more especially, 
and luore definitely, of tliis British Association in particular. And 
liere it may be right to adopt in part a more technical style, and to 
enter more minutely into detail, than I could yet persuade myself to 
do, till I liad eased myself in some degree of those overflowing emo- 
tioiKs^ which on such an occasion as this could hardly be altogether 
suppressed. Presuming, therefore, that some one now demands, how 
this Association differs from its fellows, and what peculiar means it has 
of awakening and directing to scientific purposes the power of the 
social spirit ; or why, when there were so many old and new societies 
for science, it was thought necessary or expedient to call this society 
also into being ; I proceed to speak of some of the characteristic and 
essential circumstances of this British Association, which contain the 
answer to that reasonable demand. First, then, it differs in its mag- 
nitude and universality from all lesser and more local societies. So 
evidently true is this, that you might justly blame me if I were to oc- 
cupy your time by attempting any formal proof of it. What other 
societies do upon a small scale, this does upon a large ; what others 
do for London, or Edinburgh, or Dublin, this does for the whole triple 
realm of England, Scotland, and Ireland. Its gigantic arms stretch 
even to America and India, insomuch that it is commensurate with the 
magnitude and the majesty of the British empire, on which the sun 
never sets; and that we hail with pleasure, but without surprise, tlie 
enrolment of him among our members who represents the sovereign 
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Iiere, and is to us the visible image of the head of that vast empire ; 
and the joy with which we welcome to our assemblies and to our ho- 
spitality those eminent strangers who have come to us from foreign 
lands, rises almost above the sphere of private friendship, and partakes 
of the dignity of a compact between all the nations of the earth. For- 
give me that 1 have not yet been able to speak calmly in such a pre- 
sence, and on such a theme. But it is not merely in its magnitude 
and universality, and consequently higher power of stimulating intellect 
through S 3 mipathy, that this Association differs from others. It differs 
also from them in its constitution and details ; in the migratory cliarac- 
ter of its meetings, which visit, for a week each year, place alter place 
in succession, so as to indulge and stimulate all, without wearying or 
burdening any ; in encouraging oral discussion, througliout its several 
separate sections, as the principal medium of making known among 
members the opinions, views, and discoveries of each other ; in calling 
upon eminent men to prepare reports upon the existing state of know- 
ledge in the principal departments of science ; and in publishing ordy 
abstracts or notices of all those other contributions which it has not as 
a body called for ; in short, in attempting to induce men of science to 
work more together than they do elsewhere, to establish a system of 
more strict cooperation between the labourers in one common field, and 
thus to effect, more fully than other societies can do, the combination 
of intellectual exertions. In’ other societies, the constitution and prac- 
tice are such, that the labours of the several members are comj)ara- 
tively unconnected, and few attempts are systematically made to com- 
bine and harmonize them together; so that if we except that general 
and useful action of the social spirit upon the intellect of which I have 
already spoken, and the occasional incitement to specific research, by 
the previous proposal of prizes, there remains little beyond the publi- 
cation of Transactions, whereby they seek as bodies to cooperate in the 
work of science. In them an author, of his own accord, hands in a 
paper ; the title and subject are announced ; it is referred to a Com- 
mittee for examination, and if it be approved of, it is published at the 
expense of the society. This is a very great and real good, because 
the most valuable papers are seldom the most attractive to common 
purchasers, and because the authors of these papers are rarely able to 
defray from their own funds the cost of an expensive publication. 
There is no doubt that if it had not been for this resource, many essays 
of the greatest value must have been altogether suppressed, for want of 
pecuniary means. Besides, the approbation of a body of scientific 
men, which is at least partially implied in their undertaking to publish 
a paper, however limited and guarded it may be by their disclaimer of 
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corporate responsibility, cannot fail to be accounted a high and honour- 
able reward ; and one, of which the hope must much assist to cheer 
and support the author in his toils, by virtue of the principle of sym- 
pathy. It is known, and (I believe) was mentioned in an address to 
this Association, at one of the former meetings, that the Principia and 
Optics of Newton were published at the request of the Royal Society 
of London. Newton, indeed, might well have thought that those 
works did not need that sanction, if the meekness of his high faculties 
had permitted him to judge of himself as all other men have judged of 
him ; but our gratitude is not therefore due the less to the Society 
whose request prevailed over his own modest reluctance, and procured 
those treasures for that and for every age. It must be added that tlie 
Royal and Astr^nUbmical Societies print abstracts of their communica- 
tions, for speedy circulation among their members, which is a useful 
addition to the service done in publishing tlie papers themselves, and 
is an example well wortliy of being followed by all similar institutions ; 
and tiiat the Royal Society has even gone so far as to procure and 
print, in at least one recent instance (I mean in the case of a paper of 
Mr. Lubbock’s), and perhaps also in some other instances, a report 
from some of its members, on a memoir presented by another, thus 
imitating an excellent practice of the Institute of France, which lias 
probably contributed much to the high state of science in that country. 
This last procedure, and doubtless other acts of some other scientific 
societies, such as the discussions in the Geological Society, the lending 
of instruments by the Astronomical Society to its members, and the 
occasional exhibition of models and experiments by members to the 
body, in the Irish and other institutions, are examples of direct co- 
operation ; and perhaps there is nothing to prevent siicli cases being 
greatly multiplied hereafter. But admitting freely these and other 
claims of the several societies and academies of the empire to our gra- 
titude for their services to science, and accounting it a very valuable 
privilege to belong, as most of us do, to one or other of those bodies, 
and acknowledging that there is much w'ork to be done which can only 
be done by them, we must still turn to tins British Association, as the 
body which is cooperative by eminence. — The discussiotis in its sections 
are more animated, comprehensive and instructive, and make minds 
which were strangers, more intimately acquainted with each other, than 
can be supposed to be the case in any less general body ; the general 
meetings bring together the cultivators of all difterent departments of 
science ; and even the less formal conversations^ which take place in its 
halls of assembly during every pause of business, are themselves tlie 
working together of mind with mind, and not only excite but are 
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operation. Express requests also are systematically made to indivi- 
duals and bodies of men, to cooperate in the execution of particular 
tasks in science, and these requests have often been complied with. 
But more perhaps than all the rest, the reports which it has called forth 
on the existing state of the several branches of knowledge are astonish- 
ing examples of industry and zeal exerted in the spirit and for the pur- 
pose of cooperation. No other society, I believe, has yet ventured to 
call on any of its members for any such report, and indeed it would be 
a difficult, perhaps an invidious thing, for any one of the other socie- 
ties or academies so to do. For such a report should contain a large 
and comprehensive view of the treasures of all the academics ; and 
would it not be difficult for a zealous member of any one of them, un- 
dertaking the task at the request of his own body, to form and to ex- 
press tliat view with all the impartiality requisite ? Would there not be 
some danger of a bias, in some things to palliate the defects of his own 
particular society, and in other things to exalt beyond what was strictly 
just, its true and genuine merits? But a body like the British Asso- 
ciation which receives indeed all communications, but publishes (ex- 
cept by abstract) none, save only those very reports which it had pre- 
viously and specially called for, — a body such as this, and governed by 
such regulations, may hope, that standing in one common relation to all 
the existing academies, and not belonging to the same great class of 
societies publishing papers, the members whom it has selected for the 
task may come before it to report what has resulted from the labours 
of all those different societies, without any excessive depression or any 
undue exultation, and in a more unbiassed mood of mind than would 
be possible under other circumstances. Accordingly the reports already 
presented by those eminent men who were selected for the office, (and 
rightly so selected, because a comprehensive mind was not less needed 
than industry,) appear to have been drawn up with as much impar- 
tiality as diligence ; they comprise a very extensive and perfect view 
of the existing state of science in most of its great departments ; and 
if in any case they do not quite bring down the history of science to 
this day (as certainly tliey go near to do), they furnish some of the best 
and most authentic materials to the future writer of such history. But 
we should not only underrate the value of those reports, but even quite 
mistake the character of iliat value if we were to refer it all to its con- 
nexion with distant researches, and some unborn generation. They 
will, indeed, assist the future historian of science ; but it was not solely, 
nor even cliiefly for that purpose they were designed, nor is it solely 
or chiefly for that purpose which they will answer. They belong 
to our own age; they are the property of ourselves as well as of our 



ADDRESS OF SIR WILLIAM HAMILTON. xlix 

children. To stimulate the living, not Jess than to leave a record to 
the unborn, was hoped for, and will be attained, through those novel 
and important productions. In holding up to us a view of the existing 
state of science, and of all that has been done already, they show us 
that much is still to be done, and they rouse otir zeal to do it. Can 
any person look unmoved on the tablet which they present of the bril- 
liant discoveries of this century, in any one of the regions of science ? 
Can he see how much has been achieved, what large and orderly struc- 
tures have been in part already built up, and are still in process of 
building, without feeling himself excited to give his own aid also in the 
work, and to be enrolled among the architects, or at least among the 
workmen ? or can ^ny person have his attention guided to the many 
w ants that remainif- can he look on the gaps which are still unfillerl, 
even in the most rich and costly of those edifices (like the unfinished 
window that we read of in the palace of eastern story), without longing 
to sec those w'ants supplied, that palace raised to a still more complete 
perfection ; without burning to draw forth all his own old treasures of 
thought, and to elaborate them all into one new and precious offering? 
— The volume containing the reports which were presented at the last 
meeting of the Association has been published so very recently, that 
it is ])erh!ips scarcely yet in tlie hands of more than a few of the mem- 
bers ; some notice of its contents may therefore be expected from me 
now, tbongh the notice which I can give must of necessity be brief and 
inadequate, I shall speak first of tw'o reports, which may in a certain 
sense be said to bo on foreign science. Science, indeed, as has been 
well remarked, is not properly of any country ; but men of science are, 
and in studying tlie w orks of their brethren of foreign nations, they at 
once increase their own stock of knowledge, and cultivate those kindly 
feelings of general good will, which are among the very best results of 
all our studies, and of all our assemblings together. The first report of 
the volume is that which Professor Rogers, of Philadelphia, has pre- 
sented, at the request of the British Association, upon American Geo- 
logy. The kindness of an eminent British Geologist, whose name 
would command attention if I thought myself at liberty to mention it, 
and whom I had requested to state to me in writing his opinion on this 
report, enables me to furnish you with a notice respecting its nature, 
which I siiall accordingly read, instead of presuming to substitute any 
remarks of my own on the subject. 

“ The object proposed by Professor Rogers was to convey a clear 
summary of what had been ascertained concerning the geology of 
America, whether the knowledge acquired had been communicated to 
the public or not. This is not very dificrent from the object contem- 
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plated by other reporters ; but in the execution of the report it is found 
that a marked peculiarity arises. For the far greater portion of the 
report contains the result of Mr. Rogers's own reasonings on data, many 
of w'hich appear for the first time in his essay. It has therefore more 
the character of a memoir than of an ordinary report. Wore any one 
to adopt this plan in treating of the state of European geology he might 
be blamed) because the value of such a report would consist in the dis- 
cussion of a vast mass of published data, and in the comparison of theo- 
retical notions proposed by persons of high reputation. But in treat- 
ing of America this was not the case ; because, first, little authentic 
was known in Europe on the subject — second, there are few American 
authors of high repute in geology. This character of originality is 
certainly well supported by the author s own researches, and it is not 
surprising if his work contains some errors, still less remarkable that 
it should have excited some opposition at home. But the writer of the 
report has really taken much pains, has exhibited much patience, and 
lias brought to his task a competent knowledge of European geology. 
It has certainly cleared our notions of the genera) features of American 
geology, and particularly augmented our positive knowledge of the 
more recent deposits, as regards organic remains, mineral characters, 
and geographical features. It is to be continued.*’ 

The other report which I alluded to, as almost entitled to be called 
a report on foreign science, is the report of the Rev. Mr. Challis on 
the theory of capillary attraction, which is a sequel to that presented at 
Cambridge on the common theory of fluids, and which the autlior pro- 
poses to follow up hereafter by another report on the propagation of 
motion as affected by the development of heat. Mr. Challis remarks, 
that while many questions in physics are to be resolved by unfolding 
through deductive leasoning the consequences of facts actually ob- 
served, there is also another class of questions in physical science, in 
which the facts that are to be reasoned from are not pha^nomcna ; for 
example, the fact of universal gravitation for w’hich the evidence is in- 
ductive indeed, but yet essentially mathematical, the fact not coming 
itself under the cognisance of any of our senses, although its mathe- 
matical consequences are abundantly attested by observations. Mr. 
Challis goes on to say— “ The great problem of universal gravitation, 
which is the only one of this class that can be looked upon as satisfac- 
torily solved, relates to the large masses of the universe, to the depen- 
dence of their forms on their own gravitation, and the motions result- 
ing from their actions on one another. The progress of science seems 
to tend towards the solution of another of a more comprehensive na- 
ture, regarding the elementary constitution of bodies and the forces by 
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irhich their constituent elements are arranged and held together, 
/arious departments of science appear to be connected together by 
he relation they have to this problem. The theories of light, heat, 
ilectricity, chemistry, mineralogy, crystallography, all bear upon it. 
i review, therefore, of the solutions that have been proposed of all 
inch questions as cannot be handled without some hypotheses respcct- 
ng the physical condition of the constituent elements of bodies, would 
irobably conduce by a comparison of the hypotheses towards reaching 
hat generalization to which the known connexion of the sciences seems 
.0 point.’* The author finally remarks, that “ questions of this kind 
lave of late largely engaged the attention of some French mathemati- 
cians, and the nature of their theories, and the results of the calcula- 
lions founded on them, deserve to be brought as much as possible into 
notice.” Acting upon these just views, Mr. Challis has accordingly 
performed, for the Hritish Association and for the British public, the 
important ollicc of reviewing and reporting upon those researches of 
Laplace, Poisson, and Gauss, respecting the connexion of molecular 
attraction, and of the repulsion of heat, with the ascent of fluids in 
tubes, which give to his report so much of that foreign character which 
I have already ventured to ascribe to it ; yet, it is just to add, and, 
indeed, Mr. Challis does so, that as Newton first resolved the ma- 
thematical problem of gravitation, in its bearings on the motion of a 
planet about the sun, and went far to resolve the same extensive pro- 
blem in its details of perturbation also ; he likewise first resolved a 
problem of molecular forces, and clearly foresaw and foretold the ex- 
tensive and almost universal application of such forces to the mathe- 
matical explanation of the most varied classes of phaenomena; and that 
the theory of capillary attraction, in particular, has received some very 
valuable illustrations in England from the late Dr. Thomas Young. I 
ought to mention that a very interesting report, on the foreign mathe- 
matical theories of electricity and magnetism was read in part this 
morning to the mathematical and physical section, by the Kev. Mr. 
Whewell. 

The next report after that of Mr. Challis in the volume, is the re- 
port I have already alluded to, by Professor Lloyd, on the progress and 
present state of physical optics ; respecting which 1 should have much 
to say, if I did not fear to offend the modesty of the author, and were 
not restrained by the recollection that he is a member of the same Uni- 
versity with myself, and a countryman and friend of my own. I shall 
therefore simply express my belief, that no person who shall hereafter 
set about to form an opinion of his own on the question between the 
two theories of light, will think himself at liberty to dispense with the 
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Study of this report. I may add that it also, as well as that of Mr. 
Challis, draws largely from foreign stores ; but if Huygens was the 
first inventor, and Fresnel the finest unfolder, and Cauchy the pro- 
foundest mathematical dynamician, of tlie theory of the propagation of 
light by waves ; and if the names of Malus, and Biot, and Arago, and 
Mitscherlich, and other eminent foreigners are familiar words in the 
annals of physical optics, we also can refer, among our own illustrious 
dead, to names enshrined in the history of this science — to the names 
of Newton, and Wollaston, and Young — and among our living fellow- 
countrymen and fellow-members of this Association, (unhappily not 
present here,) we have Brewster and Airy to glory of. It should be 
mentioned tliat the author of the report has himself made contributions 
to the science of light, more valuable tlian any one could collect from 
the statements in the report itself, and that important communications 
in that science are expected to be made during tlie present week, by 
Professor Powell, to a general meeting, and by Mr. MacCnllagh to 
the physical section. 

(The Secretary here read a notice, which he had procured from a 
scientific friend, of the report by Professor Jenyns on zoology; and 
afterwards continued his own remarks, as follows :) 

The remaining reports in the new volume are those by Mr. Rennie 
on hydraidics ; by Dr. Henry of Manchester, on the laws of conta- 
gion ; and by Professor Clark of Cambridge, on animal physiology, 
and especially on our knowledge respecting the blood. Mr. Bennie’s 
report contains, 1 believe, new facts from the manuscripts of his father, 
and is in other ways a valuable statement, industriously drawn up, of 
the recent improvements in the practice of hydraulics, to the tlr ory of 
which science it is to be lamented that so little has lately been added : 
and without pretending to judge myself of the merits of the two other 
reports, I may mention them as compositions which I know to have 
interested persons, with whose professional and habitual jiursuits they 
liave no close connexion, and therefore, as an instance of the accom- 
plishment of one great end proposed by our Association, that of draw'- 
ing together different minds, and exciting intellectual sympathy. The 
other contents of the volume arc accounts of researches undertaken at 
the request of the Association, notices in answers to queries and re- 
commendations of the same body, and miscellaiteous communications. 
Of these, it is of course impossible to speak now ; your time would 
not permit it. Yet, perhaps, I ought not to pass over the mention of 
one particular recommendation which has happened to become the sub- 
ject of remarks elsewlicrc — I mean that recommendation which advised 
an application to the Lords of the Treasury for a grant of money, to 
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be used in the reduction of certain Greenwich observations, the result 
of which recommendation is noticed in the volume before us. In all 
that I have hitherto said respecting this Association, 1 have spoken 
almost solely of its internal effects, or those which it produces on the 
minds and acts of its own members. But it is manifest that such a so- 
ciety cannot fail to have also effects which are external, and that its 
influence must extend even beyond its own wide circle of members. 
It not only helps to diffuse through the community at large a respect 
and interest for the pursuits of scientific men, but ventures even to 
approach the throne, and to lay before the King the expression of the 
wishes of this his Parliament of science, on whatever subject of national 
importance belongs to science only, and is unconnected with the pre- 
dominance in tiie state of any one political party. It w^as judged that 
the reduction of the astronomical observations on the sun and moon, 
and planets, which had been accumulating under the care of Bradley 
and his successors, at the Royal and national Observatory of Green- 
wich, since the middle of the last century, but which, except so far as 
foreign astronomers might use them, had lain idle and useless till now, 
to the great obstruction of the advance of practical as well as theoreti- 
cal science, was a subject of that national importance, and worthy of 
such an approach to the highest functionaries of the state. It hap- 
pened that I was not present when the propriety of making this appli- 
cation was discussed, so that I do not know whether the authority of 
Bessel was quoted. That authority has not at least been mentioned, 
to my knowledge, in any printed remarks upon the question, but as it 
bears directly and powerfully thereupon, you will permit me, perhaps, 
to occupy a few moments by citing it. 

Professor Bessel of Koenigsberg, who, for consummate union of 
theory and practice, must be placed in the very foremost rank, may be 
placed perhaps at the head of astronomers now’ living and now work- 
ing, published not long ago that classical and useful volume, the Tahulce 
Regiomontana^, which I now hold in my hand. In the introduction to 
this volume of tables, Bessel remarks, that “ the present knowledge of 
the solar system has not made all the progress which might have been 
expected from the great number and goodness of the observations made 
on the sun, and moon, and planets, from the times of Bradley down. 
It may, indeed, be said with truth, that astronomical tables do not err 
now by so much as whole minutes from the heavens ; but if those 
tables differ by more than five seconds now, after using all the present 
means of accurate reduciion, from a well-observed opposition of a 
planet (for example), their error is as manifest and certain now as an 
error exceeding a minute was, in a former stale of astronomy — and the 
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discrepancies between the present tables and observations are not m* 
commonly outside that limit. The cause is doubtful. Errors of ob- 
servation to such amount they cannot be ; and therefore they can only 
arise from some wrong method of reduction, or wrongly assumed ellip- 
tic elements or masses of the planets, or insufficiently developed for- 
mulas of perturbation, or else they point to some disturbing cause, 
which still remains obscure, and has not yet been reached by the light 
of theory. But it ought surely to be deemed the highest 'problem of 
astronomyy to examine with the utmost diligence into that which has 
been often said, but not as yet in every case sufficiently established, 
whether theory and experience do really always agree. When the 
solution of this weighty problem shall have been most studiously made 
trial of, in ail its parts, then either w'ill the theory of Newton be per- 
fectly and absolutely confirmed, or else it will be known beyond all 
doubt that in certain cases it does not suffice witliout some little change, 
or that besides the known disturbing bodies there exist some causes of 
disturbance still obscure.** And then after some technical remarks, 
less connected with our present subject, Bessel goes on to say, ^‘To me, 
considering all these things together, it appears to be of the highest 
moment i^plurimum valere) towards our future progress in the know^- 
ledge of the solar system, to reduce into catalogues as diligently as can 
be done, according to one common system of elements, the i>laces of all 
the planets observed since 1750, than which labour, 1 believe that no 
other now will be of greater use to astronomy” ( . . quo lahore nullum 
credo nunc majorem utilitatem Astronomice allaturmn esse). Such is 
the opinion of Bessel ; but such is not the opinion of an anonymous 
censor, who has written of us in a certain popular review. To him it 
seems a matter of little moment that old observations should be re- 
duced. Nothing good, he imagines, can come from the study of those 
obsolete records. It may be very well that thousands of pounds should 
continue to be spent by the nation, year after year, in keeping up the 
observatory at Greenwich ; but as to the spending 5001, in turning to 
some scientific profit the accumulated treasures there, that is a waste 
of public money, and an instance of misdirected influence on the part of 
the British Association. For you, gentlemen, will rejoice to hear, if 
any of you have not already heard it, and those who have heard it al- 
ready will not grudge to hear it again, that through the influence of 
this Association, what Bessel wished, rather than hoped, is now in pro- 
cess of accomplishment : and that, under the care of the man who in 
England has done most to show how much may be done with an ob- 
servatory, that national disgrace is to be removed, of ignorance or in- 
difference about those scientific treasures which England has almost 
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unconsciously been long amassing, and which concern her as the coun- 
try of Newton and the maritime nation of the world. For the spirit 
of exactness is diffusive, and so is the spirit of negligence. The close- 
ness, indeed, of the existing agreement between the tables and the ob- 
servations of astronomers is so great, that it cannot easily be conceived 
by persons unfamiliar with that science. No theory has ever had so 
brilliant a fortune, or ever so outrun experience, as the theory‘‘of gra- 
vitation has done. But if astronomers ever grow weary, and faintly 
turn back from the task which science and nature command, of con- 
stantly continuing to test even this great theory by observation, if they 
put any limit to the search, which nature has not put, or are content to 
leave any difference unaccounted for between the testimony of sense 
and )he results of mathematical deduction, then will they not only be- 
come gradually negligent in the discharge of their other and more prac- 
tical duties ; and their observations themselves, and their nautical alma- 
nacs, will then degenerate instead of impioving, to the peril of navies 
and of honour; but also they will have done what in them lay, to mu- 
tilate outward nature, and to rob the mind of its heritage. For, be we 
well assured that no such search as this, were it only after the smallest 
of those treasures wliich wave after wave may dash up on the shore of 
the ocean of truth, is ever unrewarded. And small as those five seconds 
may appear, which stir the mind of Bessel, and are to him a prophecy 
of sonae knowledge undiscovered, perhaps unimagined by man, we may 
remember that when Kepler was “feeling” as he said, “the W'alls of 
ignorance, ere yet he reached the brilliant gate of truth,” he thus ex- 
pressed himself respecting discrepancies which were not larger for the 
science of his time : — “ These eight minutes of difference, which can- 
not be attributed to the errors of so exact an observer as Tycho, are 
about to give us the means of reforming the whole of astronomy.” We 
indeed cannot dream that gravitation shall ever become obsolete ; per- 
haps it is about to receive some new and striking confirmation ; but 
Newton never held that the law of the inverse square was the only law 
of the action of body upon body ; and the question is, whether some 
other law or mode of action, coexisting with this great and principal 
one, may not manifest some sensible effect in the heavens to the deli- 
cacy of modern observation, and especially of modern reduction. It 
was worthy of the British Association to interest themselves in such a 
subject ; it was worthy of British rulers to accede promptly to such a 
request. 

I have been drawn into too much length by tlie consideration of this 
instance of the external effects of our Association, to be able to do 
more than allude to the kindred instance of the publication of the oh- 
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servations on the tides in the port of Brest, which has, I am informed, 
been ordered by tlie French Government, at the request of M. Arago 
and the French Board of Longitudes, who were stimulated to make 
that request by a recommendation of the British Association at I'-din- 
burgh. Many other topics, also, connected with your progress and 
prospects, I must pass over, having occupied your time so long ; and 
in particular I must waive what, indeed, is properly a sulyect for your 
general committee— the consideration wJiefhcr anything can be done, 
or left undone, to increase still more the usefulness of this Association, 
and the respect and good will with which it is already regarded by the 
other institutions of this and of other countries. As an Irishman, and 
a native of Dublin, I may be suffered in conclusion to add my own to 
the many voices which welcome this goodly com])any of English, and 
Scottish, and foreign visitors to Ireland and to Dublin. We cannot, 
indeed, avoid regretting that many eminent persons, whose presence 
we should much enjoy, are j|Ot in this assembly ; though not, wc trust, 
in any case, from want of their good will or good opinion. Es])ecially 
we must regret the absence of Sir David Brewster, who took so active 
a part in forming this association : but I am authorized, by a letter 
from himself, to mention that his absence proceeds entirely from pri- 
vate causes, and that they form the only reason why he is not here. 
Ilcrschel, too, is absent ; he has borne with him to another hemisphere 
his father’s fame and his own; perhaps, from numbering the nebula* 
invisible to northern eyes, he turns even now away to gaze upon some 
star, which we, too, can behold, and to be in spirit among us. And 
other names we miss ; but great names, too, are here : enough to give 
assurance that in brilliance and useful effect, this Dublin meeting of the 
Association will not be inferior to former assemblings, but will realize 
our hopes and wishes, and not only give a new impulse to science, but 
also cement the kindly feeling which binds us all together already. 
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Report on the Recent Progress and Present Condition of the 
Mathematical Theories of PHectricity, Magnetism, and 
Heat. Bi/ the Rev. W. Whewell, Fellow and Tutor of 
Trinity College, Cambridge. 

The trophies of Miltiiules would not let Theniistocles rest. 
The trophies of Newton, won at the end of the seventeenth cen- 
tury, made it impossible for the physical philosophers of the 
eighteenth not to attempt new victories in the application of 
mechanical principles to the phenomena of the material world. 
Newton himself had pointed out this as the business of his suc- 
cessors. “ I have dediiced,” says he, at the end of his preface 
to the Principia, the motions of the planets by mathematical 
reasoning from forces; and I would that we could derive the other 
phenomena of nature from mechanical principles by the same 
mode of reasoning. For many things move me, so that I some- 
what suspect, that all such may depend on certain forces by which 
the particles of bodies, through causes not yet known, are either 
urged towards each other and cohere according to regular figures, 
or are repelled and recede from each other : and these forces 
being unknown, philosophers have hitherto made their attempts 
on nature in vain. But I hope that the principles here laid down 
may supply some light either to this mode of philosophizing or 
to some one which is more true.” 

It is usually assumed that Newton’s anticipations and wishes 
have been fulfilled. Several mathematical and mechanical Sciences 
have since his time made their appearance in the world, claim- 
ing to be the younger sisters of Physical Astronomy; like her, fed 
by exact facts, formed by rigorous principles. Yet their birth 
and reception have never excited so much general notice as such 
events might be expected to produce ; they have gradually be- 
come known to a limited circle of mathematicians, and have not, 
1835. B 
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like the first-born of their race, filled the civilized world with the 
noise of their fame. Moreover, it is allowed, or rather boasted, 
that it is only very recently that thcyoaathematical train of rea- 
soning which belongs to several of tftsc new sciences has been 
rendered complete. It may therefore be of service to examine 
the claims of these parts of knowledge so far as they profess to 
be mathematical and mechanical sciences. I hope the under- 
taking will lose all appearance of presumption, when it is recol- 
lected that, in executing it, my main task will be, to study certain 
mathematical' theories and calculations, to look at the recorded 
facts which are alleged to confirm these theories, and to describe 
as distinctly as possible the result of the comparison. Such an 
employment will not lead the writer to trespass on the domain of 
any one whose business is with new classes of facts, nor tempt 
him to judge any theory which does not profess to depend en- 
tirely on mathematical calculation from measured observations. 

The Sciences to which I shall at present direct my attention 
are those of Electricity, Magnetism, and Heat. These sciences 
have sufficient connexion, both in the mathematical reasoning 
by which they have been established and the philosophical prin- 
ciples on which they depend, to make them a fit group to be 
treated of together. Though they have several features in com- 
mon, I shall give a brief account of each separately. 

Electricity, — Electricity, after being brought under distinct 
conceptions by Franklin and his contemporaries, was formed into 
a mathematical science by /Epinus ; the theory of /Epinus was 
reformed by Coulomb; the calculations which Coulomb could not 
execute, Poisson in our own time has performed : such are tlie 
main steps in the history of electricity as a mathematical science. 

The theory of electricity of iEpinus assumed one electric fluid 
only : it invested this fluid with these two properties, that its 
particles repelled each other with forces increasing with a dimi- 
nution of their mutual distance ; and that its particles attracted 
the particles of all other bodies with a force following the same 
law. On these suppositions (assuming also the diference of 
conductors and electrics with respect to the easy transfer of the 
fluid) a great part of the facts of electricity by induction, and of 
electrical attraction and repulsion, could be explained in a man- 
ner strictly mechanical. 

But taking the whole of the experimental facts, a third sup- 
position was found to be necessary ; — that the particles of all 
bodies repel each other with the same force with which they at- 
tract the electric fluid. For, without this addition to the theory, 
how could two negatively electrified bodies repel each other with 
the same force as two positively electrified, since by supposition 
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they had both a deficiency of the repulsive element ? iEpiniis 
therefore found himself obliged to ascribe a mutual repulsion 
(incomparably greater than the force of gravity) to the particles 
of all bodies. 

Coulomb established, what Mayer and Lambert had already 
ascertained, that the electrical force follows the law of the in- 
verse square of the distance ; and this was to be taken therefore 
as the law of the attraction and repulsion of the particles of tlic 
fluid in the yEpinian theory : but the theory stood in need of 
modification, and this it received from Coulomb. 

Coulomb’s reform of the electric theory of iEpinus consisted 
in assuming tivo opposite fluids, each attracting the particles of 
the other and repelling its own, by which means the repulsive 
force of the particles of the bodies was no longer admitted. The 
theory of one fluid had had many adherents, and the most persua- 
sive argument in its favour was its greater simplicity ; but when 
it was shown to involve the assumption that the particles of all 
bodies, though they attract each other with a force varying in- 
versely as the square of the distance by the jaw of gravitation, 
repel each other by a much greater force varying according to 
the same law, the doctrine of a single fluid certainly lost at least 
the prerogative of simplicity. And when further it appeared that 
the same reasoning applied to magnetism; and that, on the hy- 
pothesis of one electric and one magnetic fluid the particles of 
iron must have, besides the attraction of gravitation, two other 
forces of mutual repulsion, one electric and one magnetic, all 
the three forces following the same law, it could not be doubted 
that the superiority of simplicity was transferred to the side of 
the hypothesis of two opposite electric and two opposite mag- 
netic fluids. These hypotheses accordingly Coulomb adopted. 

It now became necessary to calculate the results of the hypo- 
thesis ; and so far as this went, the results of the yEpinian and 
Coulombiaii theories were the same. The calculation could be 
performed in a very limited range of cases, according to the 
mathematical methods which were in common use at that time. 
iEpinus had traced the general character of these results in his 
work published in 1759; and Cavendish, in the Phil, 
for 177 L examined them further, assuming any law between 

the inverse simple power and inverse cube of the distance, but 
obviously inclining to the inverse square. But Coulomb had 
invented and employed delicate methods of ascertaining precisely 
the distribution of electric intensity in many cases not contem- 
plated by preceding writers, and had to calculate the results of 
such cases for the sake of that comparison on which his theory 
was to rest. 
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The calculation in these cases was far from easy. The same 
entanglement occurred here which mathematicians had already 
foiuid so perplexing in the problem of the Figure of the Earth ; 
namely, that the attractions could not be calculated without 
knowing the form of tlie mass, and yet the form depended on 
the equilibrium of those very attractions. The only ways in 
which this difficulty could be surmounted were, either to devise 
methods for finding the attractions of bodies which should be 
applicable to all forms; or else, to assume some form, and to 
calculate the attraction, and then to modify the assumption so 
as to make it approach to a fulfilment of the conditions of equi- 
librium. The first-mentioned method was in the course of in- 
vention by Legendre and Laplace at the time of Coulomb's 
researches. Some of the earliest memoirs in which it is used 
appear in the very same volumes of the Transactions of the 
French Academy as Coulomb’s memoirs on electricity and mag- 
netism (1782 — 1789). But it required a long period to fami- 
liarize even the best mathematicians with this method, and its 
application to electricity w as reserved for a later period, and for 
the skill of M. Poisson. In the mean time Coulomb applied, 
with great industry and ingenuity, such artifices as were obvious 
to a geometer of that time. For example*, in treating the case 
of two spheres, in order to determine the proportion in which the 
electric fluid distributes itself between them wdien one is elec- 
trised and brought into contact with the other, he supposed, as 
an approximation, the fluid to be uniformly spread over the sur- 
face of each, in order to calculate its attraction ; although it is 
manifest that, in fact, the mutual repulsion of the parts of the 
fluid will make its density vanish at the point of contact, and 
increase gradually up to the point diametrically opposite. In 
order to correct this process, he supposes a small segment of the 
sphere surrounding the point of contact to be void of fluid, and 
finds the effect of this segment as if it were a circular plane. 
In a case in which a sphere is in contact with other spheres at 
two opposite points or he finds the attraction of its fluid 

on two suppositions ; one, that it is spread uniformly, another, 
that it is all collected in a ring at the equator of the sphere ; the 
real distribution w ill be intermediate between these two supposi- 
tions, because the density of the fluid at the poles vanishes, and 
increases gradually up to the equator ; hence Coulomb takes the 
mean of the results oif the two suppositions, as more approximate 
to the truth than either of them. He pursues methods of this 
kind with a very unsparing expenditure of labour ; for instance, 


* Acad. Paris. 1787. 
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he calculates the relative (iiiantities of electricity which will exist 
at the surfaces of each of 25 spheres, placed in a straight line, 
by elimination among the requisite number of equations*. 

In this manner Coulomb obtains theoretical results correspond- 
ing to a great number of experiments carefully made and ex- 
tremely varied in their circumstances. The agreement of the 
theoretical with the experimental numbers is not exact ; which 
indeed could not be expected, since the former are only approxi- 
mations, and the latter are affected by unavoidable errors. But 
an agreement appeared in the general scale and proportion of the 
numbers which shows that the theory gave in all cases the true 
quantity either exactly or very nearly ; and this was further 
confirmed by the consideration of extreme cases, as pointed con- 
ductors, long conducting strings, and the like. Cases including 
long wires and plates had also been calculated by Cavendish, 
and found to agree in their general features with experiments. 
It should be observed also that Coulomb, at the very outset of 
his researches, had begun by ascertaining experimentally the for- 
muhe by which allowance was to be made for two main causes 
of error, the dispersion of electricity from electrised bodies into 
the air, and its escape along the supports which were intended 
to insulate f. I conceive that if the results of the theory and 
of experiment, as stated in Coulomb’s six memoirs on electri- 
city I, were collected in parallel columns, the amount of evidence 
would be considered as (juite suflBicient to prove that the theory 
gave at least good niypvoxinmte laws of the phenomena in a large 
class of cases of the distribution of electricity ; and adding to 
these the previous agreement obtained by Cavendish, this merit 
might be claimed for it through almost the whole range of ob- 
vious cases. 

I do not think Coulomb has anywhere, after thus establish- 
ing the truth of his forinulai, summed up the evidence, and given 
his own view of the degree of certainty of the theory. In his 
6th memoir on electricity §, he speaks of the tw’o theories of one 
and of two electric fluids, and adds, tliese two explanations 
have only a greater or less degree of probability, I warn the 
reader, in order to put the following theory out of the reach of 
all systematic dispute, that in the supposition of two electric 
fluids I have no other intention than to present the results of 
calculation and of experiment with the smallest possible number 
of elements, and not to indicate the true cause of electricity. 
I shall reserve for the end of my labours on electricity the exa- 

* Acad. Par. 178tS, p. (ill. f 3r(l memoir, Acad. Par. 1785, p. (>12, 

X Acad. Par. 1785 — 1788. § Acad. Par. 1788, p. (i7J3. 
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miiiation of the principiil Hystems to whicli electric phenomena 
have given birth. 

Coulomb died in 180(5^ I believe without fulfilling the inten- 
tion he here expresses. But we may allowably conjecture, I 
think, that the tenderness with which he here speaks of the 
theory of one fluid was not so much the expression of his own 
conviction as the effect of a wish not to shock the predominant 
persuasion on this subject, which from the time of Franklin had 
been in favour of one fluid only. We can hardly suppose Cou- 
lomb to have allowed this theory of one fluid more than a very 
minute comparative probability, not worth reckoning, when we 
recollect that he had so strongly pointed at the absurdity of the 
hypothesis which that theory necessarily involves, of the mutual 
repulsion of all the j)articles of matter. 

Ever since the time of Newton, it has been customary for per- 
sons, attem 2 )ting to j)ronounce judgement upon a philosophical 
theory, to refer to his Rule of Philosophizing,’’ ‘‘ Causas rerum 
naturalium non plures admitti debere quam (iiue et verfc sint, 
et earum lihmnomenis explicandis sufticiant.” So far as the 
question of one or two fluids is concerned, it is to be recollected 
that we must at any rate have two catfses^ attraction and repul- 
sion ; and that, in fact, to attribute these forces to the fluids 
alone is to take fewer kindH of causation than to attribute them 
both to the particles of the fluids and of the body. Also in such 
estimations much stress has usually been laid upon the condition 
of the vera causa”. There is this very material difficulty in 
the application of that part of the rule, that it supposes us al- 
ready to be in possession of the means of distinguishing true 
causes from untrue. If we really had such a criterion, by much 
the most important Rule of Philosophizing would be one in 
which the criterion should be stated. But if by a vera causa 
we mean (as it would seem men usually do mean) a cause al- 
ready supposed to be known by mechanical effects ; although the 
nde so understood appears to be veiy arbitrary, we may apply it 
to the theory of electricity. The existence of some electric fluid 
(whether one or two) as a true cause of the phenomena may, on 
this view, be held to be proved by the facts which suggested such 
a conception from the first; — by the accompaniments of the dis- 
charge, — the spark, — the sound; and especially the mechanical 
effects, — the shock, the power of striking, breaking and penetra- 
ting material objects. And thus the belief of one electric fluid at 
legist is forced upon us as a physical truth, while the theory of 
two fluids rather than one is established by its being proved to 
involve, in reality, the simplest system of assumptions under 
which the phenomena can be explahied. 
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The Coulombiaii theory of electricity liacl thus a fair claim to 
be c(>nsidered as satisfactorily proved ; and it was further con- 
firmed, or countenanced at least, by the simultaneous and simi- 
lar establishment of a parallel theory of magnetism. Yet this 
theory of electricity made its way but slowly to general acquain- 
tance and acceptation. Here, as in physical astronomy, the 
length and complication of the mathematical calculations which 
the estimation of the theory presupposed, put it out of the reach 
of students in general; and the mathematical reasoning was not 
here, as in physical astronomy, invested with a kind of dignity 
by the grandeur of the cosmical views on which it bore. 

The /Epinian theory was hardly known in England, except 
by name, till the late Prof, llobison gave a view of it, at consi- 
derable length, in the article Electricity in the Encyclopcsdia 
lintannka. In an appendix to this article the memoirs of 
Coulomb inserted in the Acad. Par. for 1786 and 1787 are re- 
ferred to, but witliout any notice of the question of one or two 
fluids. The Praitd de of Haiiy, published in 1803, and 

that of Biot in 1816, made the theory more generally known ; but 
the latter date was subsequent to M. Poisson’s important labours 
upon it, of which we must now give some account. 

By using the methods invented by preceding analysts, in 
order to determine the figure of the planets, in the doctrine of 
universal gravitation, M. Poisson was enabled to solve ex- 
actly those problems respecting the distribution of the electric 
fluid on the surface of spheres which Coulomb, as we have seen, 
had been obliged to attack indirectly. The most material of 
the analytical improvements of whicJi M. Poisson availed liim- 
self was the use of certain functions, possessing very curious 
properties, which have by recent writers sometimes been termed 
Laplace's Coefficients. These functions play so important a 
part in all the sciences which I have here to review, that it will be 
proper to give some account of them. 

Suppose a thin stratum of variable thickness distributed upon 
a sphere symmetrically with regard to the axis, — thus, take, for 
instance, the protuberant part of the terrestrial spheroid, — and 
letitbe proposed to find the attraction of this stratum upon a point 
anyhow situated, the position of the point being given by means 
of its angular distance from the north pole of the sphere, and 
its linear distance from the centre. The attraction on this point 
will then depend upon the position of the point, and upon the law 
jof thickness of the stratum, by certain complex integrations. But 
this attraction may be resolved into a series of terms, each of 
which is a particular solution of the problem. Each of these 
terms contains two factors, one depending on the position of the 
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attracted point only, and the other on the corresponding thick- 
ness only ; and this resolution, and the peculiar properties of 
these factors, it is which so much facilitate the treatment of 
attractions. These functions were introduced by Legendre, so 
far as regards their use for figures of revolution, and are thus 
employed in the Siwcms Etrangers^ tom. x.* and in the Mew. 
Acad. Par. for 17H4, read July 7, 1784, published 1787* Li the 
Mem, Acad, Par, for 1782, published 1785, is a memoir by 
Laplace, in which the use of analogous functions is extended to 
figures not of revolution ; and in conscipicnce of this step, and of 
Laplace’s frequent use of these functions, they have, as I have 
said, sometimes been designated by his name. So far, however, as 
they have been applied to the calculations of electrical theory by 
M. Poisson, those only have been used which apply to figures of 
revolution, which, as wc have seen, are rather Legendre’s func- 
tions than Laplace’s. Mr. Ivory, in the Philosophical Transac- 
tions for 1812, treated their properties in a manner which was at 
once allowed by their French inventors to have given them a 
clearness quite new. Mr. Murphy in a separate workf has 
presented them and their application with great analytical ele- 
gance and simplicity. The most important parts of Poisson’s 
application of these functions to the case now under notice may 
be found in part 2 of the article Electricity in the Encpclo- 
paedia Mctropolitana. 

By the use of these functions M. Poisson was enabled J to 
reduce the distribution of electricity upon two spheres which act 
on each other, to a certain functional equation. In the case 
where the spheres are in contact, he solved tins eijuation by 
means of definite integrals, and thus obtained finite and exact 
formuhe for the density of the electricity at all the points of the 
two spheres, and for its whole quantity in each sphere. He had 
thus the means of much more rigorous comparison of Coulomb’s 
experiments with his theory than Coulomb himself had been 
able to make. 

The result of this new comparison was a confirmation of the 
inference from the old one ; and especially in those cases where 
Coulomb’s methods of calculation had been most inadequate, 
as in the instance of two spheres in contact. The experimental 
and theoretical numbers in fourteen such cases came very near 
each other ; the mean error being of the quantities them- 
selves if the positive and negative errors be allowed to balance 

* According to Legendre’s own reference, which I have not been able to verify. 

I Elementary Principles of the Theories of Electricity ^ Heat^ and Molecular 
Jettons: Part I. Cambridge 1833. 

t Mevi. Inst. 1811. 
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each other, or less than of fho quantities taking the mean of 
the absolute errors. Under the various chances of inaccuracy 
which belonged to the nature of the observations, this was as 
near a coincidence as could be expected. 

M. Poisson’s calculus also explained the electric spark which 
passes when an electrised body is brought very near another 
body ; for it appeared that the thickness or density of the elec- 
tric stratum on the nearest points of two spheres would approach 
to infinity, and consequently the tension would become infinite, 
as the spheres approach to contact. Before this contact, there- 
fore, a spark passes from one to the other. 

It will be recollected that the numerical coincidences of obser- 
vation and calculation arc in addition to the explanation of elec- 
trical attraction and repulsion, and of all the general phenomena 
of induction which the theory supplies, or rather which force 
some such tlicory upon us. It cannot be denied, then, that the 
Coiilombian theory stands upon strong grounds so far as the 
statical phenomena are concerned. Still, it is ahvays desirable 
that a philosophical theory should be confirmed and verified by 
observations and measures added to tliose on which it was ori- 
ginally founded ; and it is to be remembered that the calcula- 
tions of J^oisson have been confined to spherical conductors. A 
true theory will commonly be upheld by a constant series of con- 
firmatory experiments, made by students or professional obser- 
vers, whether or not it is thought worth while to publisli the 
results of such trials. I do not know that many such inea- 
saves of tlie phenomena of statical electricity have been taken. 
Among the most important of such measures are those made by 
Mr. Snow Harris, which were exhibited before a section of the 
British Association at Cambridge in 1833, and are described in 
the Transactions of the Association for that year, p. 386. These 
experiments have since been more fully detailed in a paper printed 
in the Philosophical Transactions for 1834, Part II. p. 213. His 
invention of a mode of measuring the quantity of electricity by 
what he calls a unit jar ^ is valuable as offering a new mode of 
verifying, or at least testing, the general law's of electrical action ; 
and the considerable amount of the statical forces which were 
brought into action in his experiments inspires more confidence, 
at least at first sight, than the extremely minute quantities em- 
ployed by Coulomb. His forces were in many cases measured 
directly in grains. The detailed comparison of the results with 
•experience w'ould be a matter of some labour, and indeed of some 
difficulty ; for in some cases circumstances which would affect 
the result are not stated, and the electric fluid was distributed 
Ihrough conductors so complex in their form that it would not 
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be easy to trace by calculation the consequences of the theory. 
Even what might appear very simple problems^ as the distribu- 
tion of the fluid on rectangular plates, have not, so far as I am 
aware, been solved mathematically, and therefore we cannot im- 
mediately compare Mr. Harris’s experimental results in such 
cases with the theory. But we may observe a general difference 
in the mode of measuring the intensity of the action in these 
experiments from those of Coulomb. In Coulomb’s apparatus 
the energy of the electric action was estimated by the mutual 
force which is exerted between two vmilated particles; in 
Mr. Harris’s researches the conducting body, whose intensity is to 
be examined, and the other conductor which it attracts or repels, 
are, one or both of them, uninsulated, or at least connected with 
a large extraneous conducting surface. This arrangement would 
make peculiar calculations retpiisite. In their more obvious re- 
sults, however, Mr. Harris’s experiments confirm the Coulom- 
bian theory : thus, it is shown* that the force of electrical at- 
traction is inversely as the square of the distance. Also the rule 
which Mr. Harris obtained, and which appears to have surprised 
him, that the intensiti/ of the force measured in his way is as 
the square of the quantitif of electricity, is a conse(iuencc of the 
effect of induction on the uninsulated conductor. It might be 
well worth while for some new Poisson to examine the rest of 
Mr. Harris’s results in their bearing upon the Coulombian the- 
ory ; although, as has been said, there would be considerable 
mathematical difficulties in the course of such a comparison. 

Muf^netism , — If we now pass to the consideration of Magne- 
tism, we have, to a considerable extent, to repeat the same story 
which we have had to tell respecting Electricity. The attrac- 
tions and repulsions of magnets, their polarity, the transient 
magnetism of soft iron, led to the assumption of magnetic fluids, 
one, acting in excess or defect, or two, an austral and a boreal, 
moveable in soft iron, Init fixed in hard steel ; and thus, as in 
the case of electricity, the facts of attraction, repulsion, induced 
magnetism, could be pretty completely represented. iEpiniis 
worked out mathematically the consequences of the assumption 
of one fluid, in the same work in which he performed the same 
part for electricity t . Coulomb reformed this theory, having 
in the first place J; established that the force of the particles of 
the fluid is inversely as the square of the distance ; a law which 
Lambert and Mayer § had already discovered, and which was 
subsequently confirmed by Barlow md Hans teen. 

♦ Phil Trans, 1834. Part II. p. 238. 

f Teniamen TheoricB Eleclrkitatis et Magneiisml, 17t59. 

X Jead, Par, 1784. § Biogr, Univ.y art. Coulomb. 
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Coulomb reformed the iEpiniaii theory of magnetism, as he 
reformed that of electricity, by adopting the supposition of two 
fluids instead of one ; and for the same reason, namely, that 
two south poles and two north poles alike repel each other; 
which could not take place if either austral or boreal magnetism 
were a mere negation, without supposing a mutual repulsion 
common to all magnetic matter. But there was another more 
peculiar hypothesis which he found it necessary to introduce in 
addition to those of ^Epinus. Several conductors placed in con- 
tact, end to end, make one conductor ; but several pieces of iron 
so placed do not make one magnet ; each piece has its own poles. 
If we cut a magnet in pieces, each piece has polarity, Tlicse 
facts forbade the supposition that the fluids which give magnetic 
polarity are transferred from one part of the iron to another ; 
yet these fluids must be separated to produce the phecnomena. 
Coulomb reconciles these conditions by supposing that the mag- 
netic body consists of small particles ; and that the fluids are 
separated in each such particle, but never pass out of it. He 
shows that in this way a line of particles would have a sensible 
magnetism at each point, arising from the excess of one mag- 
netism at such point over the opposite magnetism ; and he proves 
that* on this hypothesis the calculation of the magnetic actions, 
or of the intensity of the magnetic forces of each point, must 
give us precisely the same result as that of the transport of the 
magnetic fluid from one extremity of a needle to another.'^ 

His calculations for the confirmation of this theory of mag- 
netism are therefore the same as those which had been rcipiisite 
for the theory of electricity. lie found such a conformity be- 
tween the fundamental experiments and the calculation, as gave, 
in his opinion, great weight to the system f- Thus he ascertained 
by experiment, that in two similar saturated needles of the same 
substance, the moments of the force of terrestrial magnetism 
were as the cubes of the homologous dimensions, which agrees 
with the theory. He also found by experiment that the magnetic 
intensity at different jioiiits in a long needle was nearly as the 
distance from the centre ; and by conceiving the needle as a cy- 
linder divided into portions, and calculating the mutual action 
of these portions J, he approximately verified this as the theo- 
retic law ; and he asserts generally, that§ ^^by the help of cer- 
tain corrections, it is easy to make the theory square with mag- 
netic phaenomena./’ 

• Probably few persons who have studied the subject since that 
time have been disposed to deny that this theory gives the laws 

• Acad Par. 1780, p. 492. f Ibid, p. 487. 

J Ibid., p. 485. § Ibid., p. 492. 
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of the phenomena^ altlioiigh there did not exist till lately so 
correct and pertinent a collection of measures in support of the 
magnetic as of the electric theory. Indeed, the peculiar fea- 
ture in the case of magnetism, that the fluid cannot be trans- 
ferred from one body to another, prevented measures of the same 
hind, or of the same accuracy, being employed. And the same 
circumstance aflFccted the theory more directly, in that it left the 
theorist without any steady conviction of tlie real existence of 
the fluids which were the subject of his calculations. There was 
no magnetic discharge analogous to the electric discharge ; and 
thus the magnetic fluid was a hypothesis resting for its evidence 
only upon the one class of facts for which it accounted. More 
recently, indeed, we have had the magnetic fluid proved to be real, 
and connected with the electric fluid by most curious and un- 
foreseen relations, but of these it is not our business now to 
speak. The Coulonibian theory of magnetism is still an impor- 
tant portion of science, as claiming to give the laws of tlic sta- 
tical phenomena : in what manner these laws result from the 
best views we can obtain of the cause of the facts is a matter 
for subsequent consideration. 

The next important event in the history of the theory was a 
series of good observations, made at first with no reference to 
the theory. In the year 1819 Mr. Barlow undertook a course 
of magnetic experiments with a view to enable himself to cor- 
rect the local attraction exerted by the iron which ships contain 
upon the compass. In the course of these researches ‘‘ he dis- 
covered,” as he says*, ‘‘ certain magnetic laws which seemed to 
him likely to pave the way to a mathematical theory of magne- 
tism a mode of expression which seems to show that Cou- 
lomli’s theory had obtained little currency. Mr. Barlow’s ex- 
periments were made at first by measuring the deviation pro- 
duced in a compass needle by an iron sphere. The result was, 
that, for such a sphere, there exists a plane of no attraction 
coincident wdth the magnetic equator \ and if w^e measure the 
magnetic latitude of the compass from this plane, and tlie mag- 
netic longitude from the east and west points, the tangent of the 
deviation jiroduced by the attraction of the sphere is as the sine 
of the double latitude, and as the cosine of the longitude : it is 
also as the cube of the diameter of the sphere directly, and as the 
cube of the distance of the compass from the centre inversely. 

These rules were discovered empirically, and published in 
1820 ; and shortly afterwards Mr. C. Bonnycastle undertook to 
deduce these laws from a theory analogous to Coulomb’s the - 


Magnetic Attractionsy Preface, p. 1. 
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ory of electricity, treated as M. Poisson had treated it in 1811. 
Mr. Bonnycastle found that all Mr. Barlow's results agreed with 
such a theory. 

But a peculiar clrcuiiistance in the experiment^ attracted Mr. 
Barlow’s notice, and made him imagine that the theory required 
modification. He found that the attraction of a solid iron sphere 
was the same as that of a hollow shell, even when the shell was 
thin ; jind he was led to believe that the magnetic power of iron 
resides wholly in the surface. This result was confirmed, as to 
the facts, by Capt. Kater*. Mr. Barlow considered this result 
as inconsistent with the theory of Coulomb, in wdiich the mag- 
netic fluids in every particle of the mass were supposed to be 
dislodged by the action of a neighbouring magnet. 

Yet a little attention shows us that this is in fact a conse- 
([iience of the Coulombian theory. I have already (p. 11) counted 
the passage in Coulomb's memoir on magnetism in which he as- 
serts that the distribution of the sensible magnetism will be the 
same as if the fluids were transferrible from one part of the body 
to the other. Now it is easily shown that on this supposition all 
the. sensible magnetism is repelled to the surface, as all the sen- 
sible electricity is, according to the parallel theory of electricity, 
and as Coulomb had slnnvn that it is in fact. It is true, that 
though the superficial disposition of magnetism follow^ed from 
the theory, and was involved in the general proposition above 
quoted, I do not know that Coulomb anywhere expressly asserts 
the fact respecting magnetic bodies, or that he made any expe- 
riments to confirm it. Yet it may be observed, that in his se- 
cond memoir on electricity and magnetism f he proved that in 
a long needle the magnetic force may be conceived to be col- 
lected very near each end, which is an indication of the same 
kind of effect of the theoretical properties of magnetism. 

It was probably the experimental labours of the English phi- 
losophers which led M. Poisson to perform the same office for 
the magnetic w Inch he had executed so well for the electric the- 
ory ; — to trace the consequences of Coulomb's hypotheses by 
the aid of powerful and general analytical methods. In Febru- 
ary 1824 a memoir of his upon this subject was read to the In- 
stitute, and published in 182G, in the memoirs for 1821 and 
1822, according to the strange method of publication of the 
French Academy. In this memoir he obtains expressions for 
the attractions and repulsions of a body magnetised by influence 
^ upon any point, and examines in particular the case in which 
the body is a sphere. M. Poisson gives the name of magnetic 

* See his monioir in the Phil. Tram. 1821. f Acad, Par, 178.5, p. 578. 
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elements to the small parts of bodies \vithin which the magnetic 
fluids can be separated. Supposing these elements to be sphe- 
rical, he would be enabled to determine the conditions of equi- 
librium of the free magnetic fluid at the surface of each element, 
by the same analysis as in the case of electricity; using, through- 
out his researches, those peculiar functions wdiich we have termed 
Laplace’s coeiflcients, and which introduce such extraordinary 
facilities into researches of this kind. It further appears, from 
the nature of the equations (p. 283), that we need not know the 
form of these elements ; for the form of the elements, and the 
proportion of tlieir sum to the w hole mass of the body, enter into 
the result jointly, so that we do not trace the separate effect of 
these data. 

M. Poisson therefore (p. 290) takes the equation of equili- 
lirium on the siqiposition that the magnetic elements are sphe- 
rical ; and he then finds (p. 30G) that this equation coincides 
with the condition of equilibrium for electricity, on the supposi- 
tion that the sum of the magnetic elements is ecpial to the mass 
of the body (/. e. in his notation, A* =1). And in general (p. 
303), the magnetic action of a body of any form is equivalent to 
that of a thin stratum of magnetic fluid at the surface, although 
the fluids are separated in every part of the mass. In a subse- 
quent part of his memoir, M. Poisson applies his conclusions to 
determine the distribution of magnetic fluid in a solid or liollow 
sphere acted upon by the terrestrial magnetism. He refers to 
Mr. Barlow’s experiments, and to his inference that magnetism 
resides at the surface alone ; he observes that the inference is 
not warranted, and that the only conclusion wdiich w’^e arc jus- 
tified in drawing by the fact, as compared with the formuhe, is 
that the sum of the magnetic elements is equal exactly, or very 
nearly, to the whole mass of the body. 

The force exerted by a body in which magnetism is induced, 
is a joint result of the distribution of the magnetism thus ex- 
cited, and of the position of the point acted on. The verification 
of M. Poisson’s theory would require experiments made with 
masses of iron of various forms, as well as measures of the ef- 
fect on a needle in various situations wdth reference to the mass ; 
and the theory, thus verified, would disclose to us the distribu- 
tion of the magnetism at the surface of iron under given circum- 
stances. 

The verification, with respect to the position of the point acted 
on, has been executed to a satisfactory extent. M. Poisson ob- 
serves (p. 336) that the laws of the deviation of compass needles 
are in accordance, whether we deduce them from theory, or from 
observation” as Mr. Barlow had done; ^^and thus that gentle- 
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man’s numerous observations arc a remarkable confirmation of 
the theory of magnetism here presented.” I do not think it 
necessary to dwell upon the necessity of a correction for the 
length of the needle, and its magnetic effect upon the iron sphere, 
which M. Poisson conceives to be requisite in calculating Mr. 
Barlow’s experiments. But it may be observed, that M. Pois- 
son’s assumption that his quantity k (which expresses the ratio 
of the sum of the magnetic elements of the body, to the sum of 
all its parts,) cannot exceed unity, does not appear to be incon- 
testable, since it involves the supposition that the whole mag- 
netic attraction or repulsion of each such element is the same 
as if its form were spherical, which supposition is introduced 
p. 290 of the memoir. 

I’he same volume of the Memoirs of the Institute contains a 
second memoir of M. Poisson on the same subject, read l)c- 
cemi)er 2?, 1S24. In this the author observes, that thougli 
Mr. Ihirlow’s observations afford an important confirmation of 
the theory, it was desirable that it should be subjected to trials 
of a more varied kind. On returning to his formulfe, he found 
that they could be very simply solved for the case of any ellip- 
soid whatever. Now a very flat ellipsoid may approach inde- 
finitely near to an elliptical or circular plate ; a very slender 
ellipsoid may approach indefinitely to a linear bar. Thus the 
mathematical theory of certain very obvious and extensive cases 
was attainable. Wc do not, however, possess any comparison of 
experiments with the formuUe thus obtained ; and thus the ve- 
rification of M, Poisson’s theory, so far as the distribution of 
magnetism depends on the form of the mass of iron, is hitherto 
incomplete. M. Ilansteen of Copenhagen, whose valuable work 
on terrestrial magnetism was published in German in 1819, had 
inferred from his own experiments, that in a linear magnet the 
magnetic intensity follows the law of the square of the distance 
from the middle point more nearly than any other power of that 
distance, a conclusion different from Coulomb’s, as we have 
seen (p. 11)^. 

It appears, however, to have been taken for granted, after the 
verification of the theory by Mr. Barlow’s experiments, that it 
might be considered as established, and that mathematical me- 
thods of deduction might for the future be used, not t(^ confirm 
the truth of its principles, but to apply them to any requisite 
purposes. 

The most remarkable and important example of a Deductio 
ad Praxin ” of this kind, was that which Mr. Barlow made in the 


* Ilansteen, MagnetlsmuSf chap. v. p. 1G5. 
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case whicli liad first given rise to liis rcsearclies, the correction of 
tlie deviations of ship-compasses produced by the “local attrac- 
tion”; *and it was this case wliicli suggested to M. Poisson some 
of the problems of his wSecond memoir. Mr. Barlow was soon 
enabled to perceive, from his own experiments, that the guns and 
other iron of a vessel produce the same effect as a small sphere 
of iron in a certain position ; and his first idea was to place an- 
other iron ball on the opposite side of tlic compass, so as to coun-- 
feracf this effect. But when a ship moves into various positions, 
she turns round a vertical axis, vvliich docs not coincide with the 
axis of magnetic position. Therefore the relative magnetic si- 
tuation of the disturbing and the correcting masses would vary 
M itli the changes of position of the vessel ; and the correcting 
ball, in order to discharge its office, must be altered in place or 
size when the vessel turned its liead different ways, an inconve- 
nience which rendered this device almost nugatory. 

He then proposed to place the ball in a certain fixed position, 
in which it would douhle the deviation arising from the local 
attraction ; and finally, when he discovered that the attracting 
power of iron resided in the surface, he substituted an iron 
plate for the ball, and thus his apparatus and the mode of using 
it became convenient and easily managed. 

The correcting plate so employed would produce the requisite 
effect if the attraction of the iron in the siiip could always bo 
referred to the same virtual centre. The attraction of a mass, 
however irregular, is equivalent to a single force acting to a 
single point or “focus of attraction”. But this focus may be 
different in different positions of the irregular mass ; for the mag- 
netism which is developed by the cartli’s action in any mass 
will depend upon the form and position of its surface ; and when 
the position varies, the position of the resulting attraction with 
respect to the mass may also vary. Hence, when a ship’s com- 
pass is disturbed by the action of the irregular mass of iron whicli 
the vessel contains, it may happen that the same plate or ball, 
in the same relative situation, cannot either counteract or dou- 
ble the ship’s attraction in all positions. Whether such ef- 
fects are possible or not must depend upon calculation. By 
M. Poisson’s investigations it appears that this possibility de- 
pends on certain conditions, and that it does not exist gene- 
rally*. But it may be observed that the effect of the attraction 
of the vessel is greatest (and therefore the necessity of correction 
greatest) when the dip is considerable, because then the hori- 
zontal directive force of terrestrial magnetism is small. Now 


* Memoir 1822, p. 531. 
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ill such cases the disturbing masses, which assume their diirerent 
positions by l)clng turned round a vertical axis, will be nearly 
in the same magnetical attitude in all their changes, and there- 
fore their effect will not much be altered. Thus Mr. Barlow’s 
correction will be nearly complete in those cases in which it is 
most important. Mr. Barlow informs me, tliat in the voyages 
recently made towards the north pole, advantage was taken of 
the near coincidence of the magnetic ecpiator with the horizon ; 
and tlie contrivance of a counteracting plate, which had pro- 
perly Ix'cn rejected in other cases for the reasons just mentioned, 
iras adopted with great success. 

1 do not consider it to belong to my present purpose to notice 
those ex[»erimental inquiries concerning magnetism which have 
not yet been brought into manifest connexion with the theory. 
One of tlie most important Iwanches of the subject, that which 
has to do witli Terrestrial Magnetism, has already been the sub- 
ject of a Report presented to the Association by Prof. Christie, 
and since publisluxl-’*, and of a supplementary Report by Capt. 
Sabine in the present volume. 1 proceed therefore to anotlier 
of tlie subjects wliich are included in my present tusk. 

Heat . — The doctrine of the Conduction and Radiation of Hciit, 
mathematically treated, is a subject which has excited con- 
siderable notice of late years ; and its history brings before us 
several important questions of physics and mathematics. I will 
.sjieak in order: 1st, of the Experimental Evidence of the Princi- 
ples of this doctrine; 2ndly, of certain Difhculties which affect 
the Fundamental Equations; 3rdly, of the Mathematical Pro- 
cesses by which these e(|uations have been treated ; and 4thly, of 
the Ap])lieation of the Mathematical results to several subjects 
of speculation. 

I . Experimental Thermotical Principles . — The first step 
in the application of mathematical principles to conducted ami 
radiated heat was made in the Prineipia. “ It was in the des- 
tiny of that great work,’' says Fourier, “ to exliibit, or at least to 
indicate, the causes of the principal plucnomenaof the universe.” 
Newton assumed, as a simple rule evidently agreeable to facts, 
that the rate at which a body parts with its heat is proportional 
to the excess of heat ; and on this assumption he rested the ve- 
rification of his scale of temperatures. It is an easy deduction 
from this law, that if times of cooling be taken in arithmetical 
progression, the heat will decrease in geometrical progression. 
^Kraft, and after him Richinan, tried to verify this law by direct 
experiments on the cooling of vessels of warm water; and from 

* JRf’port of Third p. lO;'). 
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these experiments, which have since been repeated by others, 
it appears, that for differences of temperature which do not ex- 
ceed centigrade, this geometrical progression represents the 
process of cooling with tolerable accuracy ; not, however, with 
complete exactness, for it is found that at higher temperatures 
the cooling really takes place faster than the rate this law would 
assign. 

The processes of the communication of heat to a surrounding 
medium, and to bodies in contact, have obviously much in com- 
mon ; and it was assumed that the rate of vondnrtion^ as well as 
the rate of coo//>/g, are proportional to the excess of tempera- 
ture. Philosophers were naturally led to endeavour to explain 
or illustrate this process by some physical notions. Lambert 
in 1755^ published an Essay on tlie Force of Heat,*’ in which 
he compares the communication of heat to tiie flow of a fluid 
out of one vessel into another by excess of pressure, and mathe- 
matically deduces the laws of the process on this ground. But 
the general facts of radiation, which soon after came into no- 
tice, iiioditied this vieir, since it appeared that cold might be 
radiated as well as heat. 

The doctrine of radiation was put in a simple and satisfactory 
form by Pierre Prevost of Geneva, about 17^0; in which form 
it is often called the Theory of Kxchfmges ; its leading princi- 
ple being, that all bodies are perpetually exchanging their heat 
with one another by radiation. The mathematical reasoning 
upon the subject, of which we shall shortly have to speak, by 
Fourier, Laplace, and others, proceeded upon the assumption 
of the truth of Newton’s law, that the rate of communication 
of heat, both in conduction and radiation, varies as tlie excess 
of heat. This is so far an approximation to the truth, that va- 
rious experiments, made with a view to verify the theory, gave 
satisfactory results. Thus Biotf, by heating a long metallic 
bar at one end, found that the heights of thermometers, placed 
at equal intervals along it, followc^d a decreasing geometrical 
progression, as by mathematical reasoning from the theory it 
appears they ought to do. And in 1808, when Fourier had de- 
duced from his formulae certain peculiar relations of temperature 
when heat is propagated in an arinil or ring, he made experi- 
ments which agreed with the calculation, and thus confirmed the 
theory, at least approximately. The whole mathematical doc- 
trine of heat, as hitherto treated, has been founded on the truth 
of the Newtonian law thus verified. 

Yet wc now know that this law is not exactly true. At an 

* Act, Helcet,, tom. ii. p. 172. t TraiU de Physique, tom. iv. p. G71. 
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early period it had been noticed, as we have said, that the rate 
of cooling at high temperatures is faster than the theoretical 
rule. In 1817 the rule was reformed by MM. Dulong and Pe- 
tit, whose investigations on tins subject are an admirable exam- 
ple both of laborious experiment and of sagacious induction. 
Without dwelling upon the steps of their process, we may ob- 
serve that they were led to this formula for the rate of cooling, 

m a [a — 1), wliere fl is the temperature of the surrounding 
space, and t the excess of temperature of the body. This formula 
shows that the (juickness of cooling for a constant excess of tem- 
perature is not constant, but increases in geometrical progrCvS- 
sion when the temperature of the surrounding space increases in 
arithmetical progression. From this rule, and from the theory 
of exchanges which makes part of their reasoning, MM. Dulong 
and Petit find that the quickness of cooling, so far as it depends 
on tlie temperature of the hot body, increases as the terms of a 
geometrical progression dhninished hy a constant number ^ when 
the temperature of the hot body increases in arithmetical pro- 
gression. This explains the deviations previously observed, and 
gives a complete rule, remarkable for its symmetrical character*. 

This correction of Newton's law will materially affect the ma- 
thematical calculations belonging to the subject ; but probably 
the general features of the results will be the same as on the old 
supposition. M. Libri, an Italian mathematician, is the only 
person, so ftir as I am a\vare, who has applied Dulong and Pe- 
tit’s law to calculations of this kind. With this law for his basis, 
he has undertaken the problem of the armil, in a memoir read to 
the Institute of France in 1 825, and since publivshed at Florencef- 

The application of mathematics to the problem of the com- 
munication of heat, requires not only the fundamental law of 
such coiniTiunication to be given by experiment, but also certain 
numerical quantities wdiich are different for different substances, 
and which express the specific pow’er of conduction and of ra- 
diation for each substance. These quantities have been called 
by Fourier conduct ihilitc or conducihilitc exlerieme et interieure. 
Such terms are obviously improper, except we could apply the 
adjectives condnctihle or conducible to the substances, which it 
would be a gross solecism to flo; but we may say of substances, 
that they are more or less conduc^/rc, and we may therefore pro- 
perly speak of their exterior and interior conductivity. 

2. Fundamental Mathematical Formulae . — Supposing New- 

♦ The temperatures in MM. Dulong and Petit’s formula" are those of the 
air thermometer. 

t yi/ew. dc Math, et de Phys.y 1829. 
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ton’s law to be tnie^ and the romlnrfivifics of the substaiuT in 
question to be given, the detennination of the progress of heat- 
ing and cooling will involve matlieinatical relations and calcula- 
tions, which, as we have seen, had begun to attract attention in 
the middle of the last century. But it was not till the beginning 
of this, that such problems were taken up with due generality, 
and followed into special consequences In Decemher IH07 
a. memoir of Fourier’s was rea<l at the Institute, u liich must be 
considered as the commencement of a new mode of treating the 
subject. This memoir was published in 18()S in the Bulletin 
(Ics Sciences of the Philomathic Society t; and in it was given 
the general partial ditlerential equation between r, the temperii- 
ture at a point of any substance of which the coordinates arc .r, 
7 /, z, and t the time; namely. 


(iv 

(li 


this, with the ecpiations which belong to the surface and express 
the conditions of exterior conductivity, contains the solution of 
the problem ; though it was only in a few cases, and by means 
of refined analytical artifices, that the integrals of these c(|uations 
could be obtained, 

Pro])lems concerning the motion of heat now drew the atten- 
tion of the mathematicians of France; and the solutions of which 
Fourier u’as known to be in possession awoke the activity of 
other mathematicians. In the Memoirs of the Institute for ISOl) 
(published in 1810), it is proposed, as the ])rize-(|uestion for 1812 
(p. yfi), ^^To give the mathematical theory of the propagation of 
heat, and to compare this theory w ith exact observations.” Fou- 
rier’s memoir w'as sent Sept, 28, 18l 1 ,aiid the prize w as adjudged 
to it, probably as liad been expected on all hands, in tlic ensuing 
January. This memoir, founded upon the one w ritten in IS()7, 
crowmed in 1812, was not published till 182d, in the Memoirs 
of the Institute for 1 819 and 1820; another remarkable example 
of the delay and ambiguity of date in French publications of this 
kind. While Fourier’s memoir tlms remained in the archives 
of the Institute, it w'as consulted by Poisson and C’auchy; in 
the Bulletin des Sciences for 1 820 was publislietl an extract 


* ‘'The form oftlifj equation (lha ditrcrcntial equation of the tewperafure of 
a bar which is roine to a pennuiiciit state), and the form of the partial dilfereii- 
tial equation, which obtains when the bar grows hotter or colder, wen' indicated 
by M. liiot in 1801, in the extract of a lueinoir on the projnigation of heat (/>/- 
b/iofti, Brffann., t. xxvii.) M. Hint deduces liis equation from TsV'wton’s principle, 
applied to thin contiguous slices, integrates for the permanent condition, and ve- 
rifies the result by his own experiments and those of Itumford. (Poisson, Theo. 
de la Cfial., 1835, p. 1.) 
torn. i. p. 1 1 2. 
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of a memoir of Fourier’s on the Coolini^ of the Earth ; Fourier’s 
‘^Thcorie de la (Mialeur” appeared as a separate work with the 
date 1S22, not containing, however, his investigations on the cool- 
ing of the earth. Notices of various results of the labours of 
Fourier and others appeared also from time to time in the ^7 i- 
/in/rs (le Clfimie et dc PIrt/sifjiic. 

Wlien Biot and Laplace turned their attention to this subject, 
they conceived that they saw a difliculty in the reduction of the 
(juestion to a matliematical form, which difficulty Laplace thus 
states in the Memoirs of the Institute for IHOl) (1810): ^^Thc 
(jiiantities of heat received and communicated in an instant by 
any elementary slice of a conducting solid, must be infinitely 
small (juantitjes, because the excess of temperature of each slice 
over the next is infinitely small ; therefore the excess of the heat 
received over the heat lost will be an infinitely small (piaiitity of 
the second order; and therefore the accumulation in a finite 
time will not be finite.’^ ^^Tliis difficulty,” Laplace says at the 
period of which we speak, not yet been solved. Mathe- 

maticians often get true equations from false suppositions ; they 
have done so in this case in supposing heat communicated by 
contact. Fourier’s ecpiations ai’c right, but the true bases of them 
are to be found in the doctrine of the action of molecules ad di- 
stansr 

Laplace’s solution of this difficulty is, that we are to conceive 
each particle of a body receiving its licat, not from the particle 
immediately adjacent only, but from all the particles within its 
reach, tbe law of action diminishing rapidly as the distance in- 
cuTases. And he connects with this observation a series of re- 
marks on the various classes of phenomena which may thus be 
reduced to molecular action ; among which he mentions capil- 
lary attraction, electric and magnetic plnTnomena, the proper- 
ties of elastic bodies, and finally the laws of heat. All these, 
he says, ought to be treated as cases of systems of discrete mo- 
lecules, attracting and repelling each other at a distance. 

That by considcringfluid or solid bodies as composed of distinct 
particles, and by suitably assuming the forces which these parti- 
cles exert on each other, we may represent their mechanical con- 
dition, and trace its consequences, is undoubtedly true. But it 
would be to go too far, to assert, on this account alone, that the 
only true conception of the physical structure of bodies is that 
which represents them as so constituted. This would be to mis- 
take the use of the differential calculus for the evidence of a phy- 
sical truth. Whether a comparison of special results of the mo- 
lecular hypothesis with facts, will give it any countenance as the 
real state of things, is another and a very curious question, udiich 
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M e may hereafter consider. But ue may venture to say, that 
M’hen Laplace, at the period of >vhich we speak, asserted his owij 
reasoning to be the only real basis of Fourier’s equations, he 
took a partial view of the question. Fourier m as not l)o\md to 
take Laplace’s solution of the difficulty, if, in his mode of rea- 
soning, the difficulty did not occur, Avhich was really the case. 
Fourier maintained that the quantity of heat transferred from 
one slice to the next in unit of time was a finite quantity, in- 
dependently of molecular reasoning. For, as he showed, the 
([uantity of heat transferred from one side of a slice to the other, 
is not only as the difference of temperatures of the two sides 
directly, but as their distance inversely : and when, in conse- 
quence of the evanescent thickness of the slice, one of tliose 
quantities vanishes, the other does so too, and the flow of heat 
remains expressed by a finite (/uantity ; or, to take thr matter 
in another form, if a bar of iron, one end of which is Jaqjt con- 
stantly hot and the other cold, be supposed to have acquired a 
permanent state of temperature in all its parts, there is a flow 
of heat from the hot to the cold end ; and the (juantity which 
passes through any section of the bar is equal to the quantity 
M’hich in the same time is radiated from the wdiole of the colder 
surface beyond that section, and is tlierefore finite. Fourier’s 
reasoning no more reejuires the introduction of molecular action, 
than do the reasonings by which the common formuhe of Hy- 
drostatics (formula much resembling those of Fourier) are esta- 
blished in Mechanical Treatises. 

But there are other circumstances bearing upon this question 
which well deserve to be considered. Fourier’s reasonings ap- 
ply to radiated as mtII as to conducted heat ; and radiation is 
governed by peculiar laws, which may throAv additional light on 
that kind of molecular action. There are, in particular, two laws, 
discovered by experiment, to wdiich the theory must conform 
itself. One of these is founded on general and obvious experi- 
ence, — that all bodies placed in an inclosed space assume, in 
the course of some time, the temperature of the inclosure ; the 
other was established by special experiments by Leslie*. It is 
this : — that heat is emitted from every point of the surface of a 
hot body in all directions, and that the intensity of the heating 
ray in any direction is as the sine of the angle which it makes 
with the surface. 

Fourier’s theoretical explanation of these two laws must be 
looked upon as happy and successful j for he has shown that 
the same suppositions are requisite to explain the former general 
and simple fact, as to give the latter less obvious rule. The law 
* E.rperhnental Inquiry into the Nature and Propagation of Heaty 1804. 
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of the sines is requisite, in order that neighbouring bodies may 
assume the same temperature. The first assertion of this eon- 
nexioii appears to have excited some surprise in Paris, yet it is 
easily demonstrable It was announced as a curious result of 
Fourier’s investigations, that if the law of the sines did not 
obtain in the radiation of heat from a surface, a particle would 
not necessarily assume the temperature of tlie inclosure in which 
it is contained: — that its temperature would depend upon its po- 
sition ; and within a shell of ice we sliould have at certain points 
the temperature of boiling water and of melting iron, arisingfrom 
radiation alone. Perhaps this may become less apparently 
strange by attention to the following reasoning. The equili- 
brium aiul identity of temperature, between an including shell 
and an included body, cannot obtain upon the whole ii^ every 
case, except it obtain between eacJi pair of parts, taken on the 
surface of the body and of the shell rcspectivTdy ; that is, any part 
of the one surface, in its exchanges with any part of the other 
surface, must give and receive the same quantity of heat. Now 
the quantity exchanged, so far as it depends on the receiving 
surface, will, by geometry, be proportional to the sine of the 
obliquity of that surface ; and as each surface may, in the ex- 
change, be considered as receiving, the quantity transferred 
must be proportional to the sines of the two obliquities, that is, 
to that of the giving as well as the receiving surfiice. 

But though the law of the sines is thus manifestly true, we 
have still to ask what is the physical ground of it ? To this 
question also Fourier offers a reply. It arises, he says, from 
this : that the radiation takes place not from the surface alone 
of the body, but also from particles situated within a certain 
small depth of the surface. It is easy to see that on this sup- 
position a ray emitted obliquely from an internal particle will 
be less intense than one sent forth from the same particle per- 
pendicular to the surface, because the former will be inter- 
cepted in a greater degree, having a greater length of path 
within the body ; and Fourier shows that whatever be the law 
of this intercepting power, the result will be, that the radiative 
intensity is as the sine of the angle made by the ray with the 
surface. 

Thus Fourier’s theoiy of molecular extra-^radiation acquires, 
to say the least of it, great consistency. But this cannot be 
considered, I think, a sufficient ground for the hypothesis main- 
tained by Laplace and by M. Poisson, that conduction also takes 
place by intra-radiation^ or that we innst conceive bodies as 
composed of distant particles radiating upon each other. 

* Ann. Chlm, iv, p. 129, 1817. 
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But witliout further exiunining this point, or tlic general 
question of the reality of the inolecular hypothesis, wliich de- 
pends mainly on the same considerations, I shall proceed to the 
next division of the subject. 

.1. Matluynatical Solutions of the Equations , — In the same 
memoirs of Fourier in which he gave the diiTerential equations 
for the motion of heat in various cases, he also gave the integrals 
of these e(juations in some of the most important instances. 
I liese solutions n cre obtained by means of very peculiar artifices 
and have led to, or been connected with, some remarkable dis- 
(piisitions on points of pure analysis. It does not belong to my 
purpose to give any account of the labours of writers on heat 
in this point ot view ; but in order to bring under the reader’s 
notice some ot the leading features of the inquiry, I will briefly 
refer to two of the problems, the motion of heat in a rectangular 
plate, and in a solid sphere. 

The first ot the special problems treated by Fourier* is to finrl 
the ultimate and permanent distribution of heat in a rectangular 
lamina, of which one side is kept uniformly hot, the two adja- 
cent ones uniformly cold, and the fourth side is at an indt*finite 
distance. The equation belonging to this case is of a simple 
and well-known fonnf; and it is easy to obtain a possible so- 
lution of it j;, which exhibits sufliciently the general course of 
the phenomena ; namely, that in proceeding along the lamina 
from the hot end, the temperature diminishes in geometrical 
progression at equal distances ; but that in proceeding across 
the lamina from the middle to each cold side, the temperature 
diminishes according to the law of a cosine. This possible case 
is, however, merely a particular solution ; and in order to make 
the solution complete, we must be able to extend it so that the 
temperature of the boundaries of the lamina shall be regulated 
by any prescribed law ; for example, so that at the hot end it 
shall be uniform from one side to the other, instead of dimi- 
nishing from the middle each way, as it would in the case just 
stated. And this consideration introduces us to a very remark- 
able province of analysis ; for it is easy, by adding together any 
number of such particular solutions as we have mentioned, to 
produce a function which gives a more general solution § 3 but 
in order to satisfy the condition just stated, this function must 


t 
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be disconfumaus^ and we arc thus led to that curious and per- 
plexing part of analysis which treats of such functions. It is 
the less lu'cessary for me to dwell on this train of investigation, 
in as much as it has been fully treated of by Mr. Peacock in 
his Report on the Progress of Analysis, read last year*. I will 
only observe, that the general solution f is in this case expressed 
by an infinite series of such terms as I have mentioned, tlie series 
having such coefficients that, at the extremity of the bar, the 
function represented by it is discontinuous. 

In the case of the lamina just spoken of, we have two dimen- 
sions of space to consider (length and breadth, the thickness 
being left out of view); but we have nothing to do with the time, 
because we considtT only the ultimate and permanent condition 
of the body. Another of the problems treated by Fourier, that of 
the distribution of heat in a sphere, is simplified in a dftfterent 
way. By supposing the heat to he uniformly distributed about 
the centre, the temi)erature at any point depends only upon the 
distance from the centre and the time ; and the difterential 
ecjuation which expresses this dependence may be obtained J. 
Bat in this case we have neccsxsarily a second differential equa- 
tion §, u'liicli expresses the conditions of radiation at the surface, 
as the first ('xpresses the conditions of conduction in the interior. 
hi tins cas(‘ also wc can easily assign a particular solution || ; 
or a possible distribution of the heat and a possible relation of 
the conductive and radiative powers, wdiich shall cause the 
cooling of the sphere to follow a certain law with respect to the 
times ; namely, that the temperature shall diminish in geome- 
trical progression for equal increments of time. The extending 
this particular into a general solution consists, in this as in the 
former case, in adding together a number of simple terms of 
this kind, and in so determining them that they shall agree with 
the given relation of conductive and radiative powers of the 
globe 51 ^ and also that the original distribution of heat shall be 


* Report of Third Meetingi p. 251, et seq. 
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such as is given. The latter condition may again carry us among 
discontinuous functions. But the solution enables us to sec 
that each concentric spherical shell of which the globe is com- 
posed will diminish in temperature in a geometrical progression 
with respect to the time, as above stated. Also it appears that 
after the lapse of a considerable time of undisturbed coolijig, the 
distribution of temperature in the sphere decreases in proceeding 
from the centre to the surface, as the quotient of the sine of an 
arc divided by the arc, the lengths of the arcs being the distances 
from the centre, and the radius, to which such lengths are made 
arcs, depending on the conductive and radiative powers. 

Besides these solutions of problems respecting the. distribution 
of lieat, Fourier has given solutions in other forms, involving 
definite integrals. By means of such integrals, discontinuous 
functions may be expressed ; and the futjctions, of which these 
definite integrals are taken, involve the given function repre- 
senting the original distribution of the heat. For instance, the 
problem of the propagation of heat in an infinite line is ex- 
pressed by an integral of this kind, given by Laplace as the solu- 
tion of an equation of partial differences'^. 

By such analytical artifices Foilrier solved a number of the 
problems belonging to this subject ; purposely varying l)is me- 
thods, as he says, a fin de multiplier les moyens dc solution dans 
une inatiere aussi nouvellet.” Thus, besides the cases already 
mentioned, of a rectangular solid and a solid sphere, he treats of 
an ^^armiUe^'' or ring, the properties of which arc somewhat cu- 
rious in reference to this subject ; also of a solid cylinder, of a 
rectangular prism, and of a cube L A succeeding part of the 
work contains the laws of the propagation of heat in an infinite 
solid. This case is of importance, in as much as the conclusions 
are applied to the propagation of heat in the mass of the earth ; 
which, for such purposes, may be considered as of infinite dimen- 
sions. These conclusions deserve to be stated. — When any 
part of a solid mass is affected by alternations of greater or less 
temperature, (as the surface of the earth is affected by dhirnal 
and annual alternations,) the following are the results. 

1st. The range of the oscillations of temperature becomes 
smaller as we recede from their origin, and at last they become 

* uz=. pi qe ^ (p{x-^2qf)/kt)j the solution of-— = k 
«/ li t <1 

f 77ieorie de la C/taleur, p. 452. 

X M. Lame, professeurde physique a I’Ecole Polyteclinique, has determined 
the law of temperature of all tlie points of a homogenous ellipsoid brought to a 
permanent condition. The expression of this law depends on elliptical func- 
tions.” — Poisson, Theorie de la Chakur, p, 4. 
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insensible. (Thus the diurnal and annual oscillations of tem- 
perature become insensible at a certain depth below the surface 
of the earth.) 

2nd. The oscillations of longest period are sensible to the 
furthest distance. (Thus the annual alternations are felt at a 
greater depth than the diuriud.) 

,3rd. The diminution of the range of the oscillations is less 
rapid as the conducting power of the substance is greater. 

4th. The maximum temperature occurs at different epochs at 
different distances from the origin. (Thus the maximum of 
annual temperature is later as wc go deeper.) 

The skill and resource shown by Fourier in this investigation, 
and the interesting and instructive nature of the results, make 
the series of his labours one of the most important portions of 
tlie physico-mathematical researches of the present century. 
His memoirs, as we have said, remained unpublished, except 
in extracts, till 1 824 ; but they were consulted in the archives 
of the Institute by MM. Poisson and Cauchy. The former 
analyst turned his own eminent talents to this subject, and 
two memoirs of his upon it were read to the Institute, one 
in May 1815, and one in Becember 1821; and though not 
immediately published, were made known by abridgements and 
extracts in tlie Bulletin des Sciences (May 1815), Annales de 
Cliimie* (1821), and Journal de V Kcole Pohjteclinique\ (July 
1823). In the actual results of the calculation there was no 
diflerence between him and Fourier ; and he confirmed, for in- 
stance, the curious laws which we have just noticed of the pro- 
pagation of heat ill an infinite solid J. One principal object of 
M. Poisson appears to have been to establish the fundamental 
equations by reasonings founded on his own views of molecular 
action. In these he agreed with Laplace, whose objections to 
Fourier’s reasoning we have already endeavoured to appreciate 
rightly. M. Poisson, indeed, carries much further than Laplace 
himself the Laplacian views of molecular action ; and has at- 
tempted to show the entire insufhciency of Laplace’s theory of 
capillary action, because it does not consider the variation of 
density ivhich must take place near the surface of a fluid, when 
it is considered as a collection of discrete particles affecting each 
other by their mutual attractions. But when it is recollected 
that M. Poisson obtains for the capillary attraction of a fluid 
mass the same expression which Laplace obtains ; the same 
constant quantities, borrowed from observation, being involved 
according to each method, and the difference consisting only in 

* Am, Chim.y 10 (1821), p. 337. 

t Journal ile VEcolc Polyfeckniquej cab. 19, p. 1. X lEid’y p. 75. 
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the form of ilie definite intei^nils wliieli these constant (|iiantities 
represent'^ ; we cannot but coiusider the assertion of the physical 
falsity of Laplace’s view as somewhat arbitrary. Another ob- 
ject of M. Poisson’s memoirs on the distribution of l\eat was to 
remove some of the mathematical difficulties from which, as he 
says, Fourier’s analysis does not appear to him exempt. H’hese 
occur in the ex])ression of discontinuous functions, the roots of 
cxpoiicntuil equations, and similar matters ; but such objects do 
not Jiere form a principal point in the survey we have here to 
take, and I shall not dwell upon themf. 

In the investii>^ations of Fourier and Poisson the functions 
which we have alreadj^ spoken of under the name of Laplace’s 
coefficients were not employed. But Laplace himself published 
in 1820 a memoir on the Cooling of tlic Earth in which they 
were made use of];. Laplace’s more general solution includes 
that of Fourier, who had supposed the temperature to be a func- 
tion of the distance from the centre only. His conclusions as 
to the laws of cooling of a sphere agree with those of Fourier’s 
memoir on the secular cooling of the earth, of which an extract 
appeared in the Bulletin des Seienees for 1820 (p. 58.). I will 
here briefly mention the generafconse([uences which Fourier 
draws from his solution. 

1st. If the globe of the earth had no primitive heat [chaleur 
irtnni^ine)^ the temperature when we descend below the crust 
M’ill be constant in each vertical line, and eijual to the mean 
temperature. 

2nd. If the heating M’hich is produced by the solar rays have 
not reached its limit, the temperature will decrease in descend- 
ing. 

3rd. If tlic temperature increase in descending, there must be 
some primitive central heat. 

4th. If the primiti^'e heat and the solar heat wxre both dissi- 
pated, the temperature of the globe w ould be that of the planetary 
spaces. 

5th. There is a relation between the excess of the heat of the 
surface over the heat of the exterior space, and the increase of 
heat in descending below the surface. Thus an increase of I 
degree in 30 inches descent, supposes that the primitive heat is 
sufficient to raise the temperature of the surface I of a degree 
above the exterior space, the globe being supposed to luivc the 
conducting power of iron. 

Gth. The primitive heat being supposed to operate, the tem- 

♦ l^oissoti, JcL CapilL, p. 15. 

t See Mr. Peacock’s Report, pp. 257, iMlJ. 

X Conn, (les Terns for p. 213. 
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penitures in the interior of the globe arc much greater than those 
of the exterior space. The temperature increases in descencU 
ing, but the rate of increase becomes slower and slower as we 
approach the centre. 

Before I say anything of the comparison of these and the pre- 
ceding results with observed facts, 1 will terminate the history 
of the subject as a branch of mathematics, or rather as an ex- 
emplification of analytical artifices. It is in this point of view 
mainly that we must consider Count Libri’s investigations, read 
to the Academy of Sciences of Paris in 182.5^^ lie is the only 
person, so far as I know, who has made the basis of iiis reasoning 
Dulong and Petit’s exact law, instead of Newton’s inaccurate one. 
II(* applies his analysis to the case of an arinil, in which, as 
wc havT i'llready said, Fourier had obtained some curious conse- 
(pienees. We may doubt, however, Avliether he is justified in 
reasoning from Fourier’s experimental results, so as to modify 
his own formuhe, (as he does in his memoir, p. 28.) 

It is impossible not to look with admiration at the eonsum' 
mate analytical skill with which the mathematicians whose 
names 1 have had to mention have explored this subject. At 
the same time; wc may be permitted to observe, that the direc- 
tion which the speculations of our mathematicians concerning 
heat have thus taken, has not been in all respects favourable to 
the progress of the subject as a branch of experimental and in - 
dnetive science. The great beauty and curiosity of many of 
the mathematical investigations which oflfered themselves to 
our analytii'al discoverers, luivc led them to wander in that 
deep and charmed labyrinth much longer and further than the 
demands of physical science required ; and this proceeding has 
been attendc'd w ith the additional consequence, that all the cul- 
tivators of s(*iencc, except a very few, well equipped for the 
mathematical race, have been left behind by tlie course of dis- 
covery, and have almost lost sight of their leaders. There can 
be no doubt that this might have been otherw ise that the sub- 
ject might have been treated by means of mathematics of a sim- 
pler kind ; such, for instance, as New ton w ould have employed, 
had his steps turned into this train of inquiry. This would in 
all probability have been attended by some sacrifice of rigour 
and of generality, and the highest analysis wmild always have 
been re(|uisite, in order to obtain the best solution, as w e see in 
the problem of vibrating cords, wdth wdiieh the problems of the 
distribution of heat have many points of resemblance. But still 
such solutions would have been just in all the material points ; 
and, by showing to common students the nature of the operations 
* Me///, (fc I\fafL vt dc Phys, Florence, 182‘J, 
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and relations in (jiiestion, and the possibility of tracing them 
mathematically, they would have brought a far wider circle of 
intellect to bear upon the inquiry; and tlms would have tended 
much to the diffusion of sound knowledge, and, not improbably, 
to the promotion of further discovery. Even now, any mathe- 
matician who would present the subject to students in such a 
generally accessible form, would probably find himself rewarded 
both by the simplicity and elegance of the propositions to which 
he would be led, and by the utility which liis labours would be 
found to possess. 

4. T/ie yJpplirafiou of the theonf of heat to questions Avhich 
occur as important subjects of speculation in natural philoso- 
phy, is the last division of our task. VVe may notice as be- 
longing to this division three investigations : The effect of the 
Solar Heat upon the Earth, and the laws of its Distribution ; the 
effect of the Primitive Central Heat, and tlie evidence of its ex- 
istence ; the eff*ect of the Proper Heat of the Planetary Spaces, 
and the evidence that such heat exists. 

(^.) With regard to the first point, I have already stated the 
conclusions respecting the propagation of alternations of heat 
and cold in a solid ; and T have now only to add, that several 
observers have ascertained by experiment that the propagation 
of the solar heat into the interior of the earth does follow the 
rules which theory points out ; namely, that the range of oscil- 
lation of temperature becomes narrower and narrower as we 
recede from the surface ; that the annual oscillations are sen- 
sible to a much greater depth than the diurnal ; and that the 
maximum heat and maximum cold occur later below than at 
the surface, and later and later the deeper we descend. These 
rules, in the whole or in part, were traced by Ott at Zurich in 
17 G 2 , by Saiissure in 17^5, by Hemmschneider at Slrasburg 
in 1821 and the two following years, but most completely by 
Leslie in 1816 and 1817*. These observers and others have 
found that at a certain depth, as ^0, 50, or 60 feet, the tempe- 
rature ceases to show the effect of the changes of solar influence ; 
we have an invariable stratmni at smaller depths the rules 
are such as have been stated. It is, moreover, to be observed, 
that the temperature of the invariable stratum is different in 
different places ; and if we assume, as an approximation to the 
actual condition of the earth, that the equator is kept at a con- 
stant high temperature, we shall have a constant flow of heat 
in the interior of the sphere from the equatorial to the polar 

• Poiiillet, FAcmens de Meteorologies tom. ii. p. 643 ; where Leslie’s experi- 
ments, made in the grounds of Mr. Ferguson of Raith, are erroneously attri- 
buted to that gentleman. 



REPORT ON ELECTRICITY, MAGNETISM, AND HEAT. 31 


regions. In the actual condition of the earth, acted on as it is 
by the sun, we have alternations in the influx and efflux of heat, 
but on the whole the same result as by the above theoretical 
view; an influx in the equator parts, an efflux at the poles, a 
circulation in the interior, and a diminution of the mean tem- 
perature in proceeding towards either pole The forniulsB 
which represent the empirical laws of the dcpendeuce of tlie 
mean temperature on the latitude, have been stated by Professor 
Forbes in his Report on Meteorology (p. 215) ; namely, the old 
one of Mayer, which made the temperature nearly proportional 
to the square of the cosine of the latitude ; and other more exact 
rules since projiosed by Brewster and others. I am not aware 
that any attempt has been made to bring tliese rules into ac- 
cordance or even comparison with Fourier’s theoretical for- 
muhe. Such an accordance would be extremely interesting in 
its bearing on the theory. 

It is curious to obtain from the theory the actual amount of 
tlie solar heat annually poured upon the earth. This is statedf 
to be sufficient to melt a coat of ice 14 metres thick, encrusting 
the whole globe of the earth. 

(/;.) The subject of Central Heat is of great interest to the geo- 
logist; and, as we have already seen, is illustrated by the 
theory. It appears, that if there be an increase of temperature 
in descending, such a fact can result from nothing but a central 
heat independent of existing influences. The discussion of the 
evidence of this fact must be left to the geological speculator ; 
but we may here mention some of the results of theory which 
are fitted to make less formidable the idea of having a vast abyss 
of incandescent matter within the comparatively thin crust of 
earth on which man and diis works arc supported. It results 
from Fourier’s analysis that at 20,000 or 30,000 metres deep 
the earth may be actually incandescent, and yet that the effect 
of this fervid mass upon the temperature at the surface may be 
a scarcely perceptible fraction of a degree. The slowness w ith 
which any heating or cooling effect would take place through a 
solid crust is much greater than might be supposed. If the 
earth below 12 leagues’ depth were replaced by a globe of a tem- 
perature 500 times greater than that of boiling water, 200,000 
years would be required to increase tlie temperature of the sur- 
face by 1 degree§. A much smaller depth would make the ef- 

* Fourier's formula is v = cos. ,vj' e dr, where cos. a* * * § is tlie sine and ij 

the cosine of the latitude, and the integral is taken from r = o to r = (Fou- 
rier, Mhn. Inst., tom. v. p. 173.) 

t Pouillct, tom. ii. p. 70I. dcs ScL 1820, p. 58. 

§ Mem, Inst. vii. p. (303. 
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feet on the siiperfieial teinpeniture insensible for 2000 years. It 
is calculated, moreover, that, from the rate of increase of Uun- 
perature in cleseendiin;*, the (piantity of central heat which 
escapes in a century through a square metre of the earth’s sur- 
face would melt a column of ice having this metre for its base, 
and tliree metres for its height'^. 

(c.) Tlie remaining subject, the Heat of the Planetary Spaces, 
is one on which the scie/itific world lias hardly yet had time to 
form a sage and stable ojnnion. Fourier has assertedf that, 
without the elVect of this heat, the diminution of temperature in 
proceeding from the ecpiator to the pole wandd be much greater 
than it is found to be ; that the variations of distance of the sun 
at different parts of the year would be felt in changes of tempe- 
rature ; that the alternate heat and cold of days and nights 
would produce oscillations of temperature more violent than 
those which occur. He infers that there exists a cause which 
moderates the temperatures at the surface of the globe, and 
which produces a fundamental temperature independent of the 
sun and of the central heat. This cause he holds to be the heat 
of the planetary spaces, and he ascribes this heat to the radiation 
of the fixed stars in every part of the universe. Fourier was 
led by his reasoning to fix the temperature of the plaiu'tary 
spaces at about 50 degrees (centigrade) below freezing. It is 
curious that Svaiibcrg has been led by a wholly different line of 
reasoning to nearly the same result as to the degree of tempe- 
rature of the void spaces of our system, 

Fourier says that his conclusion results from the mathema- 
tical examination of the question ; but the mathematical part of 
his reasoning on this subject has not, so far as I am aware, been 
published. Sir John Herschel has, I believe, dissented from 
the opinion that such an effect could result from the radiation of 
the fixed stars ; but his memoir also is as yet unpublished. 

Thus there appears to be still some uncertainty on the sub- 
ject of what we may cull cosmical heat. Indeed the extension 
of our thermotical laws to cosmical cases api)cars to be at- 
tended with great diilicultj. The laws of nuition were first 
strictly proved by experiments made with bodies capable of ma- 
nipulation ; but they were immediately applied to the expla- 
nation of cosmical phenomena of which the laws had long been 
ascertained by observation. It should be the aim of other sci- 
ences to make similar applications of tlieir results. But in most 
cases the difficulty of ol)servation of phenomena at a distance 
from us is very great. Wc can observe tlie effects of mecha- 
nical force in the remotest regions of the universe into which 
♦ J/n/i. tom. vii. p. 093. f p. 5tS0. 
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our telescopes can penetrate ; but how little can we learn about 
the effects of heat or chemistry, of electricity and magnetism, 
in any substances except those which we can handle ! In the 
case of heat, we can hardly catch any indications of its amount 
either above or below a thin crust at the earth’s surface to which 
we are confined. 

Yet in these cases theory is especially to be cultivated, be- 
cause its calculations are the only instruments by which we ca!i 
reach into other parts of our system; — by whicli wc can pass the 
bounds of space and time which at first sight appear allotted us. 
Something has been done in this way: the magnetic clianges 
which the globe of the earth undergoes have long been studied, 
and will now be studied still more ; the characters in which the 
electricity of the upper regions of the atmosphere is written, 
may, perhaps, soon be more clearly interjireted than they yet 
have been ; and, with regard to heat, Fourier has shown, that if 
we had ancient observations of the rate of increase of tempera- 
ture in descending, to compare with those recently made, we 
should be able to infer the actual temperature of points at a di- 
stance b(’low the surface, and the former temperature of the 
surface. 

All these prospects afford reasons both for further cultivating 
the theories of these subjects and for making accurately those 
observations which the theories point out as important elements 
of calculation. In the course of this Report some tasks of both 
kinds have been indicated as more peculiarly desiral)Ie ; and 1 
will conclude by again stating them as briefly as possible. They 
arc such as follow; A comparison of good recent measures in 
electrical experiments (those of Mr. Snow Harris and any 
others) with the Coiilombian theory; a determination of the 
degree of exactness of compensation attained and attainable by 
means of Mr. Barlow’s correcting plate ; the measure of the 
rate of increase of temperature of the earth’s mass in descend- 
ing (both in given places and on the average), to compare with 
similar observations at a future jieriod ; the comparison of the 
observed law of temperatures, as depending on the latitude, with 
Fourier’s formulae ; and, finally, as a humble but most useful 
step, the production of treatises in which the results of the 
theories above spoken of, (Coulomb’s theories of electricity and 
magnetism, and Fourier’s theory of heat,) shall be presented in 
a manner sufficiently elementary to be accessible to mathema- 
ticians of common attainments, as, for instance, to the readers 
of Newton. 

Note , — The statement made in p. 31, that an increase of 
temperature in descending can result from nothing but a central 
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heat, is eoiitestod by M. Poisson in his Thmk ilc la Clialeiir, 
published since this Report was written. For M. Poisson’s 
view of this subject, see the Report of tlie Proceedings of tlic 
GeoIoLncal Section, (p. 489 of the Loml. and Ediiib. Phil. Miw. 
for Dec. 1835.) 
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ylltercH dc t Elat avlnel des Sricnres Maf/w/HdfitjHcs chr. fcs 
Bulges. Par A. QuKTELKr. 

L’histohie iiitellectuclle (run peuple sc rattaclie par taut dc 
lions a son histoire politupie, qu’on ne pent giicrcs scparcr rune 
(le r autre. Jus([ira present les ecrivains (jui se sont occupies do 
riiistoirc des scncnecs, se sont plus attaches a faire connaitre les 
resultats (jirdles out produits, (]uc les causes sous I’influence 
desfpielles dies sc sont (U'vdoppees, et qui out pii, k diftcTcntes 
epotiuesj cn favoriser on coinprime'r ressor. 

Cependant la recherche des causes qui influent sur I'dat des 
luinicres est dnineinmciit philosophiquc, surtout lorsque cette 
iTclun'dic se fait dans des vues spcknales, pour aineliorer I'dat 
(1*1111 peiiplc ct lui iinpriiner unc impulsion utile. 

On aurait egaleinent tort, (juand on ne vent pas s*cn tenir a 
la surface des choses, de considd'cr dans I’histoirc des sciences 
line epo(juc en dehors de tout ce qui ra pr( 3 cede. On pourrait 
connaitre ainsi I’etat intdlcctuel de cette epoque, mais on ne 
saurait nullement s*il est Ic rcisultat d’un progres ou (rune de- 
' croissance de luinieres. 

C’est par ces motifs ciue voulant doiiner un aperfu de I’etat 
actud des sciences mathdnati([ues et physiques chez les Beiges, 
j’ai cru (jiril ne scrait pas hors de propos de jeter un coup (rcdl 
rapide sur ce (jue les sciences out ant(h*ieurcment, et sur la 
disposition des esprits a les etiulier. On concevra mieux ensuite 
ce (jue les savans peuvent encore attendre de ce cot^, 

Lorsqu’une branchc des connaissances huniaines est aedi- 
inatee dans un pays, quand les masses en ont senti la saliitaire 
influence, et (]u’on y trouve dc riionneur ou du profit a s’y di- 
stinguer, on ne doit plus desesperer de son avenir. Les homines 
eminens s’y devdoppent spontandnent, ct y atteignent la plus 
heureuse maturite, comme les fruits dans un terrain convcnable- 
ment prepard 

En gcuieral, les sciences et les lettres, de menie (pic les beaux- 
arts, s’dablissent de prefdcncc chez les peuples riches, et sous 
r influence dc gouveniemens protecteurs. Elies ne pouvaient 
done manquer, des la renaissance, de fleurir en Belgique de 
redat le plus brillant. La pompe fastueuse de la Cour (le Bour- 
gogne, la magnificence dc ses Dues, et retat prosperc de la na- 
tion, furent egalement favorables an developpement dc toutes 
les branches (Ic rintdligencc humaine. La creation rd*ente dc^ 

1 ) 2 
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VUnivcrsit^ tie Louvain fiit, truiic autre part, un stimulant actif, 
surtout pour la propagation des i?tudes solides ; aussi Ton vit 
s’^lever a cote dcs Froissart, des Coniminoi;, ties Monstrclet, 
des Chastelain, ct des Molinet, ces liistoriens dont les ecrits out 
donn^ taut dc relief a la Maison dc Bourgogne, les Despautore, 
les Clenard, les Viglius, les Premacle de Florenne et taut d’autres 
ecrivains dont les ouvrages servirent dc base aux Etudes solides. 
II apparteiiait aussi a cette brillante <5poqiie de donner iiaissancc 
h la peinture il rimilc, et aux chefs-d’teuvre des Van Eyck et des 
Hemmelinck. La luusique, dont Fart ^tait a pen pres perdu, se 
raiiima par les travaux de Guillauinc Dufay, de Jean Okcgheni, 
de J. Teinturier et trune foule d*artistes savans qui sc repan- 
dirent par toute FEurope, et qui ne sont pas encore ouldies 
inline dans les pays les plus renomm^s pour Fart musical. La 
poesie ne fut pas negligee dans ce uiouvement general ; et les 
ecrits de Van Maerliuit surtout peuvent en servlr de preuve. Les 
sciences comptaient egalement des homines distinguCs pour cette 
epoque ; deja memo pendant le 13^ et le 14*^ siecle, iEgidius de 
Lessine, Henri Baten,. Henri de Bruxelles, et Henri de Gaiui, 
proclamt5 de son temps le Doctor Solcnniisy se dislingiuiient 
dans les sciences physiques. 

Cette puissante impulsion doiimk' aux lettres, aux sciences et 
aux beaux-arts par la iVIaison dc Bourgogne, les avait en quclquc 
sorte acclimated : le plus difficile etait fait ; Fopinion publicjue 
s’etait dtddaree en Icur favour, ct chacun savait qiFil y avait 
de Favantage a s’y distinguer. Les homines les plus eminens 
avaient acces aupres de lours princes, et plusicurs interne etaient 
refus dans leur intimit(5. Pendant son regne (!5clatant, Charles 
V., ce puissant rival d’un dcs princes qui out le plus protege 
les lumieres, contiiiua Fouvrage des Dues ses predecesseurs ; 
les homines les plus distingues de cette epoque furent appcles 
k sa cour ; ct si plus tard, sous Ic regne de son Ills, la main fa- 
tale du Due d’Albe s’appesantit siir la malheureuse Belgique, la 
crise ne se prolongea pas assez longtemps pour que le Gou- 
vernement protcctcur d’Albert et d'Isabelle ne pdt encore en 
nJparer les maux. Le scizieme siecle ne fut done point inf^rieur 
a celui qui F avait precede ; mais comme la presence du prince 
ne venait plus vivifier les sciences, et que Faction gouverne- 
mentale s’impriinait par des intermediaires, la Belgique conti- 
nuait a produire des homines distingues, mais a mesurc qu’ils 
se d^veloppaient, ils allaient porter leurs talens a F^tranger, soit 
par le desir d'acqu^rir des biens et des honneurs, soit par le 
besoin d’^chapper au pouvoir ombrageux et despotique du gou- 
vernement de Philippe II. Le regne glorieux d ’Albert et d7sa- 
bellc, qui termiua pour nous d’une inaniere si heurcuse le seiziiimo 
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sifecle, nc put cMiticrenieiit arr{‘t(T cettc Emigration, qui Etait pour 
ainsi dire uii besoin, et qui deviiit a pen pres gEnerale, quand le 
traitE de Munster, plus tard, ferma les bouehes de TEscaut, et 
porta a la Belgique Tun des coups le plus rudes qu’elle ait ja- 
mais EprouvEs. 

A partir de cettc Epoque, et surtout aprEs le fatal traitE des 
barrieres, la prospEritE du commerce dEcIina, et avee die tout ce 
qui distingue le plus ua peuple. On vit successivement s’Etcindre 
le gobt de la miisiquc et de la poesie ; les sciences et les lettres 
eurent leiir tour j et la peinturc niEmc, dont Tavenir seinblait le 
plus assure, la peinturc qui doit a jamais immortaliser le noin 
des ])rovin(*es Flamandes, nc put Echapper enticrcmeiit an mal- 
lu'ur qui desola notre paj^s. 

Pour faire apprecier le mal, il siiflira de rapporter, d’apres un 
de nos historiens, qudles furent les suites de cc fameux traitE 
des barrieres II n’y a pas dVxagEration a dire qu’il fiit 

avee Tarticle du traitE de Munster sur la njirigation de I’Escaut, 
rdHivre (pii consomma la mine des Pays-Bas. Prise isolement, 
eettc convention n’avait pour objet que de poser im frein a ram- 
bit ion de la France. Dans cc sens, die Etait dans nos intErets 
eomme dans ceux des Provinces Uniejnij mais on doit la regarder 
eonime une de|)cndance du traitE d'Ulrccht, et sous ce point de 
vue linances, commerce, industrie, liberte, indcpendance, tout 
ce (pie les liommcs out dc plus dier y fut compromis : nos places 
les plus importantes furent occupEes par les troupes EtrangEres; 
c ’Etait avee nos fonds qu’on les soudoyait. Toutes les ent raves 
que des rivaux d’indiistrie peuvent imagincr furent imposEes h 
notre commerce, nos ports fermEs aux vaisseaux Etrangers, les 
routes maritimes interdites a nos marins ; liEs par des lois fis- 
calcs Etrangeres, a la nierci d’un systeme intericur de douancs 
ouvrage do nos adversaircs, nous nc pouvions faire un pas dans 
la route des innovations sans reiicontrer des obstacles ; rendre 
une loi salutaire, Elever une institution bienfaisante on une com- 
pagnie d’indiistric, sans exciter cris de nos voisins et nous 
attirer les menaces de TEuroj^e entiere*.” 

Au milieu de taut de dEsastres, les beaux-arts, les sciences ct 
les lettres perdirent successivement Peclat dont ils avaient brillE : 
qii’on ajoute a cela que les gouveriicmcns qui nous arrivaient de 
TEtranger nc eonnaissaient ni nos gotlts ni nos besoins, et s’iii- 
quiEtaient fort pen de la gloire natioiiale. Trop heureux encore 
si les homines <iui sc distiiiguaicnt parmi nous ii’avaient pas i\ 
soullrir des humiliations. On rapportc que Tun d’euxt, Lan- 

* Tome vii. des Metnoires Couronnes de I'Jcadhnic Uoyale de Druxeihs, 

ciiioirc du M. Steiir, page 40. 

I Foppens, Bibl, Belgica, p. 691. 
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greuus, oil pliitot Van Langren, cosmography iiistruit et <lonl Ic 
nom est reste dans les sciences, a}^ant coinposd sa Selenographie 
vers 1674, en pr(5senta les dessins a rArchiduc Leopold, Goii- 
verneiir des Pays-Bas. Ce prince, pour toutc recompense, lui 
(lit eii ricanant : ^‘Je vous nomine gouverneur des terres (pie 
vous avez decoiivertes dans la Lime.*’ Le pauvre astronome 
se contenta de lui repondre : ‘‘ Je remercie Votre Altesse, si elle 
vent bien me faire donner les provisions n^cessaires pour le 
voyage/’ 

Le dix-huitieme sieele, (|ui snivit ces temps di^sastreux, ne 
nous presente plus d’liommes mar<|uans dans les sciences ; nous 
n’avions plus le gouvernement Espagnol, ni son faste, ni les 
richesses qii’il versait dans notre pays; ce n’etaient plus ces 
luties, ces agitations qui doniient quelqiiefois du ressort aux 
esprits. 

Le gouverncnient Autrichieii s’etait, a son tour, charge du 
soiii dc notre aveniH Un sonimell profond, un sommcil sem- 
blable a cclui dc la mort, s’etait repandu dans toutes nos pro- 
vinces. Ce i/cst pas qiie le people, sous un rapport, fut essen- 
tiellenieiit malheureux ; d’ailleurs comment aurait-il pu appre- 
cier le bien dont on Tavi^iit deshijriU^ ? il en etait venu a cet etat 
oil Ton ne pent' plus, ou Ton n’est plus stimiile par le desir 
de la gloire, ou Ton finit par oublier ses titres les plus nobles, 
uni([ueinont occiipe de satisfaire aux besoins materiels de la vie. 
L’Universiti* de Louvain, qui seule aurait pu raniiner les esprits 
assoupis, partageait elle-merae Tetat d’engourdissement giuieral; 
elle ne se tenait plus an courant des d^couvertes (pii illustraient 
le sieele, et jouissait des debris de son ancienne renominee. La 
revolution qiie venaient de produire, dans Tanalyse matheina- 
ti(|ue, les travaux dc Newton et de Leibnitz, parcourut T Europe 
entiere, mais elle ne laissa point de traces en Belgicjue ; et sans 
les ouvrages du Comniandeur De Nieuport, on pouvait se de- 
mander, il y a bien peu de temps encore, si qucl((u*un parmi 
nous s’etait occupy du calcul infinitesimal, depuis Tepoque dc 
sa naissance. L’etat d’abandon des sciences matliematiques de- 
vait n^cessairement influcr sur toutes les sciences qui en de- 
pendent. De Ui, ce vide affreux dans nos annales, cette absence 
complete d’observatioiis de toutc espece, soit pour la met(5oro- 
logic de notre pays, soit pour le magnetisme terrestre, soit enfin 
pour tout ce qui tient a la physique et a rastronomie. Aussi, 
(|u’on ne nous demande pas ce qui s’est passe chez nous, pen- 
dant un sieele eiiticr ; notre planete aurait pu (5chapper a son 
orbite, (jue nous n’en aurions ricn su, tant notre sommcil etait 
profond ! ctrange etat di' inarasme qui succeda a des siecles oil 
non sculement nos Beiges marchaient, dans les sciences et les 
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urls, les rivaux des autres peuples, niais oil insane ils elaicnt, 
pour aiiisi dire, cii possession de leur donner des maitrcs. 

Unc femme clierclia a nous tirer de cet ^tat de l<!*thargie, et 
elle s’est acquis a jamais des litres a noire reconnaissance. 
Marie Th(?rcso, de glorieiisc m<?moire, fut second^e dans ses 
desseiiis par le Comte de Cobeiitzl, son ministre pldnipoten- 
tiairc au gouvernement des Pays-Bas. Ce ministre, qui dtait 
cclaird et qui savait honorer les sciences, cherchait a faire re- 
iiaJtre ranciennc splcndcur dontelles avaient brill<^ en Belgique. 
11 ^tait cho<jud de voir coiubien pen TUniversit^ de Louvain rd- 
pondait au but de son institution : II est honteux,’* disait-il, 

qiie nous ayoiis dans notrc University des gens si pen fails pour 
maintenir le bon goftt, et entierement livr^s a la barbaric pour 
les sciences et a la rusticitd pour les manirs*."" Pour remedier 
k ce mal, il proposa a rimpdratrice la creation crime sociytd 
litteraire a Bruxelles, qui trois ans apres, en 1772, fut yrigde 
en Acadymic Royale et Iinpcriale des Sciences et Belles Lettres. 
II est rcmaniuable que dans la classe des sciences les membres 
les plus distingues furent presque tous dcs dtrangers : tant un 
sieclc d’intervalle avail changy I’ytat des choses. 

L’Academie, a sa cryation, se trouvait assez embarrassye pour 
expliquer, sans blesser son auguste fondatrice, Tytat de torpeur 
(lout elle cherchait a faire sortir le pays. C’est ce qu’oii pent 
voir par le discours d’introduction a ses meinoires, on, apres 
avoir fait Ty numeration de la prospyrity matyrielle du pays, elle 
ajoute: Les lettres furent negligyes, soil que rattention de 

guerir les plaies de Tdlat occupdt seule le soin du Gouverne^ 
ment, soil par d’autres causes qu’il serait inutile d’approfondir ; 
dies demeuraient dans un etat de langueur qui empirait de jour 
cn jour.*' Les preuves ne nous manqueraient pas pour montrer 
coiubien le mal ytait devenu grand, et avail pynetry inline dans 
les corps les plus yievcs. Des sa naissance TAcadymie avail 
proposy des questions qui annon^aient des vues etendues et phi- 
losophiques. Elle avail appele rattention sur ranciennc organi- 
sation politique du pays, quelques membres des Etats firent dcs 
demarches pour enipOcher que de semblablcs sujets fussent pub- 
licpiemeiit debattus ; r Acadymie eut le courage de mepriser leurs 
menaces, et le Gouvernement le bon esprit de ne pas les sauc- 
liuiinert, 

Ce corps nc se montra pas indigne de sa mission : il publia, 
pendant sa courte existence, cinq volumes de mymoires de ses 

» Voycz la notice biographique clc co savant par M. De Reifleiibcrg, dans 
Wlmufaire de V Acadhticy page 85. 

I M. J)e lieifFcnbcrg, Am, de V Academic p. St). 
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inembrcs, et iiti praiul nombre dc m(!*moires couronn^s sur dif- 
fi^rentes brandies des connaissances humaiiies. Ndininoins los 
sciences physiques et inatluMiiatujucs furent peu cultivecs : pour 
Ics sciences niathiunati(iues, le Coinniandeur dc Nieuport fut le 
seul qui s’en occiipa dans son sein, et Ton pent dire dans nos 
provinces; les sciences physicjues furent representees par des 
savans Grangers, MM. Pigott, PAbbe Needham et I’Abbc 
Mann, tons trois Anglais, inais qui s’etaient etablis parini nous. 
Dll reste, les choses etaient loin d’etre organisees sur un pied 
convenable ; il n’existait encore aucune ressoiin^c pour cultiver 
les sciences d’observation ; I’Academie s’en plaignait ; et (piand 
die fut invitee par la Societe Palatine ii prendre part an grand 
sy Sterne d’observations nieteorologiques coinbind‘s (]ui s’orga- 
nisait alors, die expriina la crainte d’entreprendre ces observa- 
tions, ou (Pautres travaux dc la 1111^1110 nature, parcequ’il hii nian^ 
cjuait des Instrumens et un observatoire*. La 8oeiete Pala- 
tine lui envoya done ce qui otait neeessaire, et les oliservations 
(leinand^es furent faites aver regularite. 11 en fut (U* rneine, 
({uand M. Pigott, gentilhomnie Anglais, se fixa parmi nous pour 
eoopi'‘rer a un grand travail desire par Ic (Touvernement, et qui 
consistait a rectifier la carte du pays ; non seiihunent il fut force 
de faire venir des instrunu ns d’Angleterre, inais il fit ee travail 
s^rafni feme fit et m^aie (t ses frufs, comnie le rapporte Lalande 
dans le 5^ volume dc Vllistoire des Mathenidthpivs dc Mon- 
tucla, p. 353. 

Cependant on reinarquait des ameliorations sensibles, (juand 
arriva la grand catastrophe qui termina le siecle, et (jui ar- 
raclia la Belgique a rAutrichc pour la jeler dans les bras de la 
France. 

L’Acaddnie avait ctd supprlnuV et ses membres disperses ; 
raiicienne Lniversite dt* Louvain, dont I’agonie avait etd si 
longue, n’existait plus ; la pliipart des ouvrages prccieux de nos 
bibliotheques, et les chefs-d'oeuvre de Pecolc Flainande avaient 
^te transportes a Paris, pour alimenter ce vaste foyer qui eclairo 
le monde, et dont la France paie gcMiereuscment les frais. Dans 
cct ^tat de choses la Belgique s'effa^a de nouveau. Cependant 
les sciences avaient pris en France un cssor trop clcv^, dies 
jetaient un dclat trop vif pour qu'il n’en rejaillit pas des ctin- 
cellcs jusqu'au fond de nos ddpartemens. Les ccoles centrales 
d’abord, et les lyc^es ensuitc, r^pandirent parmi nos jeunes gens 

* Attamen hand sileiuhirn nrbitramur, nos in preesenti reruin statu quo- 
dammodo vereri, ut cujuscunque generis obscrvatioiics a nobis fieri possint; 
deest enim Imcusque locus ad observandum aptus, spcculatoria turn’s unde 
motus siderum invcstigarctur, deest et nuilta snpellex ad res nieteorologicas 
rcqnisita .” — Ephemer ides Hoc, Mcleor. PataUneCy ann. 1781. 
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le goftt des sciences cxactes, qu’ils pouvaient allcr cultivcr dans 
Tecole la plus celobre des temps modernes, et sous les yeux des 
homines les plus distingues de repoepu;. On sav^ait qiie les 
sciences etaient honorees, que jamais leur puissance n'avait ete 
plus grande ; on savait (jue riiommc dont la gloire militaire re- 
tentissait alors par toute TEurope prenait a carnr de repandre 
sur dies un partie du prestige qui renvironnait, et qu’il avait 
eleve les savans les plus illustres h la dignite de princes et de 
premiers fonctionnaircs de rempire. Cette munificence, qui ho- 
norait bien plus celui qui en usait que les savans qui en etaient 
Tobjet, entretint cette source d’illustrations qui avait pris nais- 
sance au milieu de rcxaltation revoluiiomiaire. 

Cependant la guerre qui parcourait successivement les dif- 
ferens pays de TEurope, et les grands travaux qui s’executaicnt 
dans rinterieur de rEinjiire, absorbaient trop nos jeunes Beiges 
sortis de TJ^colc Polyteclinique pour leur pennettre de se livrer 
aux paisibles travaux du cabinet; et quand, plus tard, la paix 
les rendit a leur patrie, la plupart avaient perdu depuis trop 
longtemps de vue les speculations scientifiqucs pour pouvoir s'y 
remi ttre encore avec succes. 

Lorscpie la France ouvrit son Institut, la Belgique n’y fut re- 
present ee que par deux de ses savans; et pendant tout le temps 
de sa reunion a la France, clle n’en cut point d*autres; e’etaient 
le Commandcur De Nieuport et M. le Professeur Van Mons. 
Le premier de ces savans, que la tourmente revolutionnaire avait 
depouille de tous ses biens, cultivait avec tierte dans sa retraite 
les sciences inathematiques, qui Pavaient autrefois mis en rap- 
port avec Condorcet et D'Alembert ; et Petat (Pisolcmcnt auquel 
il s’etail eondamiic ne lui permit pas d'exerccr une grande in- 
fluence sur ses coucitoyens. M, Van Mons, au contraire, done 
d’une aetivite incroyable, cn possession de la plupart des langues 
de PEurope, et en relation avec les homines les plus distingues 
de Pepoqiie, s'etait rendu pour aiiisi dire Pintermediaire entre 
le nord et le midi; il transmettait Ji PAngletcrre et a PAlle- 
magne les brillantcs decouvertes de Volta et de Lavoisier, dont 
il ddfendait avec ardeur les theories nouvelles, tandis qu’il faisait 
connaitre en France les decouvertes des savans du nord*. 

Tel etait P(?tat dc la Belgique quand les dvenemens de 1814 


* M. Van Mons publia aussi de concert avee MM. Bory de St. Vincent et 
Drapiez en 1819, ]es^n?iales Ghihales des Sciences Physiques, dont le huitiemo 
ct dernier volume a pani en 1821. Cet int6ressant recucil etait surtout con- 
sacrc aux sciences naturelles. Les math^matiques n’y pas rcpr6sent6cs ; 

eta rcxccption dun m^moirc s\ir les experiences dc M. Nelis sur la permea- 
bility du verve au fluide 61ectrique, on n’y trouve gueres de documens pour 
rhUtoire de la physique dans nos provinces. 
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la deUicherent encore cle la France et lierent seis destins a ceux 
de SH rddoutablc rivule, a Th^riti^re de tons les b^n^fices du 
traits dc Munster et de celui des barri^res (iiii avaient 6t6 pour 
notre pays line source de calaniit^s. Ccpendant runion n'avait 
pas lieu pour la Belgique, a titrc de ilep<*n(lance, inais bieii 
d'^galite ; de sorte que ses representans se crurent en droit de 
reclanier pour elle les monies avantages et les m^^mes institu- 
tions Jiberales dont les Provinces-Unics avaient continue h jouir 
de]>uis I’epoque de nos desastres. Ces provinces avaient con- 
serve ce in^mie amour et ce ineme respect pour les sciences qui 
s’etaicnt succcssivenient eteints cbez nous ; elles enregistraieiit 
les titres de limrs savans a cote de ceux de leurs homines dc 
guerre, et dies les citaient avec orgueil aux etrangers ; c’tHaieiit 
In leurs titres de noblesse. 

Cet amour des sciences dont la Hollande avait conserve les 
traditions fut pour nous d’lm immense avantage : nous nous 
trouviimes en droit de reclamer pour nos provinces les mimies 
bienfaits dont elle jouissait depuis longtemps ; et Ton doit 
convenir, que le Gouvcrncment ne rccula pas devant des de- 
mandes aussi legitimes. Peu de temps apres la reunion des deux 
j)ays, nous eAmes trois iiniversites, comme les provinces du nord ; 
rAcademie de Bruxelles fut rouverte aux sciences et aux lettres; 
on crea des mus<?es, des jardins botaniques ; on augmenta les 
bibliothcques, et Ton vit se former un observatoire, monument 
(pie nous n’avions jamais possede jusqu'alors, et (pii mcme etait 
coin/u sur line c^chelle plus grand que tons les autres observa- 
toires des provinces du nord. 

Tant (Pctablisseinens nouveaux exigcaient un uonibrcux per- 
sonnel ; et (pioupie la Belgique commempU a compter un assez 
grand nombre d’hommes distiiigues, il se troiivait encore beau- 
coup de lacunes dans differontes branches d’enseignement. f^e 
Gouvernement appela done des savans (Strangers, auxquels il rd* 
unit d’autres savans venus des provinces septentrionales. Notre 
orgueil national, trop susceptible, vit avec peine ces diifereiis ap- 
pels ; et ToU doit convenir (|ue plusieurs professeurs (Strangers 
lie tinrent peut-toe pas assez compte des circonstanccs facheuses 
dans lesqiielles ce pays s’etuit trouvil, ct qu’ils furent loin de 
respecter ces susceptibilites nationales. Tons les choix (raillenrs 
n ’avaient pas die (^galemcnt heureux, Dc la, en grande partie, la 
d(*faveur qui s’attacha aux Universit^s naissaiites, inalgre les ser- 
vices r^els quYdIes reiidirent. 

La reorganisation de rAcademie de Bruxelles ne fut pas non 
plus favorableinent accucillie. On parut oublier entiorenicnt les 
services reiidus par ce corps savant dont peu dc person nes chez 
nous connaissaient les travaux ; on voyait d’ailleurs dans TAca- 
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(Icmie nouvelle la plupart ties menibres du corps enscignaiit. 
L’Acadeinie d’une autre part ne cherchait pas a vaincrc cos 
prejuges : satisfaitc eii effet des tiJmoignagcs d’cstimc qu’elle 
reyevait des i5trangers et du peu de savaiistqui chez nous sc 
tcnaicnt au couraiit dc ses publications, elle travaillait dans Ic 
silence et semblait eviter les occasions de sc mettre en contact 
avec le public, (pii dc son cotd ne vit dans cet isolement qu’un 
esprit dc dedain et qu’une espece d’ aristocratic scientifique, 
L’Acadeinie nese rebuta point, et, avec la plus loiiable Constance, 
idle jeta les bases de grands travaux qui, plus tard, liii vaudront 
sans auiTiii doutc la reconnaissance de la nation. 

11 s’elev a done l ontrc les Universites, T Academic, et les grands 
etablisscniens scientifiques, d’asscz fortes preventions qui furent 
prejudiciables au progres des sciences; et e’est devant ces pre- 
venlioTis que faillirent s’abimcr toutes ces grandes institutions 
quand eclata hi nVoliition de 1830. Ces souvenirs sont dhiu- 
lant pins douloureux pour riiomme de science qu’ils sont plus 
recens ; mais I’lnstorien ne pent les taire, quelqu’affligeant que 
le recit en soit pour son patriotisme. Des mains maladroitcs 
porterent dhibord la hache dans les universites dc Tetat, et les 
c()iq)s furent tels, qu’elles n’ont pu se retablir depuis, et qu’uiie 
reorgjinisation complete devient de plus en plus urgente ; quel- 
ques voix demandaient la suppression de rAcadcauie, et le refus 
de subsides pour nos grands etablissemens, dont plusicurs meme 
n'etaient pas enlierement acbevds ; ainsi Ton proposa de con- 
vertir Ic naissant observatoirc en abattoir, cn hopital des chole- 
riques, on en magasin a poudre. Mais, hfitons-nous de le dire, 
le bon sens repoussa ces folios exigences comnic indignes de la 
nation. On comprit combien il y aurait eu de honte a proliter 
dcs premiers instuns de notre emancipation politique jiour ruincr 
tons les monumens scientifiques dus k un gouvernement que Ton 
peignait comme oppresseur de la pensee. Mais pourquoi rap- 
peler ces souvenirs, quand Ic danger a cesse d'exister, et que 
cliaque jour on comprend inieux combien un peiiple ajoute a sa 
dignite, en donnant dcs asyles aux sciences et de Tappui Ti ceux 
qui les cultivent. 

Jc viens de tracer rapidement les dilferentes pliases que les 
sciences out presentees cn Belgique ; je vais taeher d’eiiunierer 
maintenant les principaux travaux qui ont etc produits dans ces 
derniors temps ; s'ils sont moins uombreux et moins iiuportaiis 
que ceux qii’ont fait nattre des pays plus favoris^s, on doit sur - 
tout en attribuer la cause aux eircoiistaiiccs dans lesqiielles s'est 
(rouvee la Belgiipie. 

Maf/wnialiijiKes . — Le Comuiandeur De Nieiiport, comme deja 
nous Tavons dit, a eti\ pendant sa longue carri^re, pour ainsi 
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dire T unique repr<?sentiiiit dcs sciences exactes en Belgiijiic. Ses 
premiers travaux furent reunis dans un recneil dont un volume 
parut en 17^4, et un second en sous le titrc dc Mi^langes 

Math^^matiqucs^ ^ ils sont surtout relatifs a rintegration dcs 
equations aux differciiticlles partielles. Les 3Iemoires de V In- 
stitnt Ac¥v'iXucc renferment aiissi un de ses Merits sur I (Equation 
gciu'rale des polt/gones rdgnliers^ et un autre sur un 
jircsenld par D* Alembert. En 1802 il donna une suite a ses 
nieJanges, et publia des recherches sur Tlntegrabilite mediate 
des e(piations differentielles d’un ordre (luelconque et entre un 
noinbre quelconque de variables. Par integration mediate^ I’au- 
teur entend Taptitude a devenir une differcntiellc exactc an 
moyen d’un facteur. Les pertes nombreuses que M. De Nieiiport 
avait faites pendant la revolution, Tetat d’isolemeiit dans lequel 
il vivait, et le manque absolu de savans avec qui il pdt causer dc sa 
science de predilection, avaient donnd un autre cours a ses idees ; 
il s’etait touriie vers la philosophie et la litterature ancienne, qui 
lui donnaient de donees consolations dans ses revers. Il parais- 
sait avoir perdu entierement de vue les recherches inathema- 
tiques, quand la reorganisation de I’Acadeniie de Bruxelles, dont 
il avait ete Tun des anciens memhres, vint le rendre a ses pre- 
miers travaux. Il inseh'a, dans les recueils de ce corps savant, 
diflerens memoircs dans lesquels on retrouve dcs idees ing^ni- 
euses, mais qui avaient moins pour objet de faire avancer la sci- 
ence que de perfectionner qiielques dtHails. Les uns eoncernent 
la metaphysi([ue du calcul differentiel, ou presentent des re- 
flexions sur les notions fondamentalcs en geometrie; d’autres se 
rapportent a dcs problemcs du calcul des pr()babilit(5s, ou ii des 
proprietes des ligiies du second ordre, Les principaux travaux 
maththuatiques, composes pendant la vieillesse du Commandeur 
De Nieuport, sont les suivans : 

Esquisse d’une inethode inverse des formules integrales de- 
finies, 

Sur requilibre des corps qui sc balaiicent librement sur un fil 
flexible, et sur celui des corps flottans. 

Sur la pression qu’exerce un corps sur plusieurs appuis a la 
fois. 

Cette dcriiiere question avait trait& di^ja par Euler dans un 
memoire ayant pour titre : De pressione jionderis in planum 
vui inewnbity insert dans les Recueils de St. Petersbourg. Cet 
illustre geometre y donne les formules relatives an calcul des 
pressions cxercees par un corps pesaiit sur les appuis du plan 
inflexible qui le soutient. Son hypothese, coinnie on sait, con- 


* In 4^"", a Bnixellcs, chez Lcmaire. 
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sistc h cxpriuier la pressioii sur cliaque appui par Tordoiinde cor- 
respondante d’uii infiine plan. Les conditions de T^quilibre du 
systfeme suffisent alors pour determiner les constantes arbitraires 
qui entrent dans Tcquation gencrale du plan. 

D’Alembert s’etait occupe du mfune probieme dans le tome 
viii. dc ses Opiiscutcs ; et il pensait que Pindetermination appa- 
rente de la question dependait d’uii principe encore inconnu en 
mecanique, ou de I’emploi d’un principe coiinu auquel on iravait 
pas songe. 

M. Dc Nieuport, apr^s avoir examine le travail d’Euler, finit 
par conclurc que la solution de la question devait dependre du 
minimum ou du maximum de quelques fonctions des divers eie- 
mens qui constituent les donnees du probl^nie, et il offrit plu- 
sieiirs considerations a Tappui de cet aper 9 u. 

M. Pagani reprit la m^nie question en 1823, et presenta a 
rAcademic de Bruxelles un memoire dans lequcl, en supposant, 
comme tons les geometres qui s’etaient occupes de ce point dc 
statique, que la forme du sysUnne etait invariable, il ctablissait 
(t priori que la somine des carrds des pressions doit dtre un mi- 
nimum ; il fit voir ensuitc que ce principe conduisait a I’hypo- 
these d’Euler. 

M. A. Tiniincrnians, de son cote, presenta plus tard a rAca- 
demic un memoire sur les pressions et torsions, dans Icqucl il 
montra qii’on arrivait aussi a I’liypothese d’Euler, en admettant, 
comme point dc depart, que le polj^gone forme par les points 
d’appui cst decompose dans tons les triangles possibles, et que 
le poids pent fitre considere comme supporte par cliacun des 
triangles qui passent sous lui. La charge de chacun de ces tri- 
angles est le poids divise par le nombre des triangles. Quant a 
la position du point d’application dans chaque triangle, elle cst 
connue ; on con^oit done la possibilite d’exprimer analytique- 
ment la pression cxercee sur chaque point. 

Les deux mdmoires dont il vient d’etre parl(5 nc sont point 
encore publids ; cependant M. Pagani a insere dans le tome viii. 
(1834) des nouveaux Memoires de V Academic de Bruxelles 
line note, dans laquclle il resume son travail, et il revicht sur la 
luCme question, en ayant ^gard cette fois a la deformation du 
syst6me, ce qui fait disparaitre rindetermination qui existe ef- 
fectivement dans le cas general oil la forme du systeme est sup- 
posee invariable. 

Nous devons ajouter que le problfeme d’Euler concernant les 
appuis a aussi traite dans ces derniers temps par M. Fou- 
rier sous un point dc vuc particiilier, au nioyen de son ingenieusc 
th^orie du calcul des indgalitds, et par M. Navicr dans le Non- 
veau Bulletin de la Soci<ftd Philomatique pour 1825. 
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M. Gamier, a (jiii Ton doit iiii * * * § ^raiid iiombrc (r()iiva*a|[>^es ek* - 
nieiitiiircj< justeineiit cstimes sur les differeiitcs hraiiclies d(*s 
inathematiciiies, avail tHe appelr romine Profosseur a TUiiivcr- 
site dc Gaud dos la preinitn*e organisation do cot etablisseinonl. 
Ses connaissances cHendiies ct ses relations avec la phi part des 
inatlieinaticicns Jes plus distiiigiies de la France, Tavaient mis 
a meine de d(jnner line impulsion favorable a retiide des sciences 
exactes. II a public sucecssivement des editions noiivelles de la 
plupart de ses ouvrages, ct il y a introdiiit des ameliorations 
utiles. II a aussi fait pai*attre un memoire sur les )ii(irlihics^% 
dans lc(juel il s’est attache a fondre et a coordonner en corps de 
doctrine les uiatcriaux epars sur cette partie inUnTSsanic de la 
mecanique, en y joignant des reflexions suggerees par la discus- 
sion de CCS dociimeiis. 

Le desir de propager le gout des sciences mathematiijiies, et 
de donner aux personnes qui s’en occupaient dans le royaiime 
les moyens de faire connattre leurs recherches, fit iialtre Tida^ 
de publier, sous forme dc journal, la Oyrresj^ondanre Jla/firma- 
tiqne et Pht/sique^ 1825 f. M. Gamier prit part a la creation 
dc ce recueil ; et deux ans apres, il laissa le soin de la publica- 
tion a son co-redacteur. S’il est ici fait mention de ee journal, 
c*est parcequhivec les HOKveaux Memoircs de l\lcadetnie^{:im\mv 
on le verra par ce qui suit, il renfermc ii pen pres tout ee qui, dans 
ces derniers temps, a etc ecrit en Belgique sur les sciences nia- 
th^matiques, du moiiis dans la vue de presenter des rccherches 
originales J. 

On aurait tort cependant de passer sous silence les disserta- 
tions (jui, du tcmj)s dii gouvernement prectklcnt, out etc pro- 
duites dans nos universites, soit pour robtention des grades dc 
Docteiir, soit pour les ([uestious des prix annuels ; quelques unes 
que jkiiirai occasion dc signaler presentaient un iiitcrf't reel, et 
des observations utiles dont la science a tire profit §. 

Je ne crois pas devoir parler ici des oiivrages elementaircs : 
si la Belgique a produit peu du cote des ouvrages originaux, je 
ne pense pas qidil yait de pays qui puissc lui disputcr la palrne 
pour le nombre des traites d’arithm^tique, d’algebre, de geomd- 

* Tome i. des nouveanx Memoires de V Academic de Bruxelles. 

f Les redactours avaient commence par proposer des problemes a resoudre 
dans les Annales BelgiqueSj oil ils inseraient les solutions qui Icur parvenaient. 

I En parlant de ce recueil, il ne sera fait mention du reste que des savans 
Beiges qui out pris part a sa redaction. Parmi les savans etrangers on di- 
stingue MM. Ampere, Babbage, Barlow, Bouvard, Cbasles, Encke, Forbes, 
(lautier, Ilachetle, Hamilton, Sir .1. Hcrschel, Horner, Lobatto, Plana, Poiicc- 
Ict, Potter, Ponkcoulant, Capt. Sabine, Valz, Villerme, Whewell, etc. 

§ Depuis 18110 on a aboli les concours ct I’obligation pour les candidats an 
grade de Docteur d’ecrire une dissertation. 
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trio, ct do inoctinique induBtricllc qui ont piillulo diins cos dt'r- 
inors toiiips, otqui se copiant les uns les autres, avecdospri'ton- 
tions a la nouvciiuto, ii’twaient, la plupart du temps, do veriUi 
blcinent ueuf cpie les erreurs qui y etaient introdiiitcs : quclquos 
uiis cepeiidant doivent etre distingues dans le noiiibre, et sont 
dus a des homines ({ui avaieiit fait Icurs preuves, et dont nous 
serous Ics premiers a reconnaitre les merites. 

L'ordre des dates exige quo nous parlions des rechereJies do 
M. Daiidelin qui appartient au petit nombre des aiicieiis eloves 
de I’Ecolc Polyteclmi([ue qui, chez nous, ont continue de culti- 
ver les mathematiques. Un &rit d*un ami le porta a revenir 
ii line science qii’il avait abandoimee depuis longtemps. Dans 
cct ecrit, (jui a parii on 1820t,se trouvaient entr'autres theoremes 
sur les sections faites dans les cones de revolution les suivans, 
dont quelcj,ues uns, faute de publicite sulbsante, ont ete repro- 
duits depuis comme nouveaux, par dillerens auteurs qui y sont 
parvenus de lour cote. Je me bornerai a les euioncer pour TKl- 
lipse ; on les modifiera sans peine pour la parabole et riiypcr- 
bole. 

1®. La difliu'cnce des deux rayons veeteurs mcnes du sommet 
du edne aux extremites du grand axe de Tellipse vaut la distance 
des deux foyers de cettc menie ellipse. 

2^^. Si Ton ^oint im mdme point quelconque d’une ellipse au 
foy(*r de cette ellipse et au sommet du cone, la difference des 
rayons veeteurs est uiie quantitd constant. 

d”. La somme de deux rayons veeteurs menes du sommet du 
cone aux extremites d’lui meme diametre dc Tellipsc est con- 
stante. 

4°. La surface aplanie d’lm cone a base clliptique est line el- 
lipse qui a meme exceiitricite que Tellipse qui sert de base. 

5"^. L’aire d’lin cone qui a pour base unc ellipse, est a Tairc 
de cette ellipse comme la somme des rayons veeteurs menes du 
sommet aux extremites du gi'aiul axe de Tellipsc, est a ce meme 
grand axe. 

6°. Tons les ednes cpii ont pour base une meme section co- 
nique, ont leurs somniets sur iiiie autre section conique situee 
dans un plan perpcndiculaire a celui de la premiere, les foyers 
de rune de ccs courbes servans de somniets a Taut re, et rcci- 
proqucmciit. 

M. Daiidclin, dans son indmoirc snr qnelques proprieUs de la 
focale parabolique J, fit voir qiPon deduisait comme corollaire 

* M. Dandelin d’abord olticier du g6nie, avait passe ensuife dans I’enseigne- 
incntf il est rentr^ au service militaire en 1830. 

f Noiiveniix Mhnoires de Vytcadvmie de Ihuaeilcs, toin. xi. 

I /f/., tom. ii. * 
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dc ces propositions un thi^oreiiic fort dl<^gant qui se trouvc aiijour- 
d’huidans plusiciirs ouvrages elementaires,et qui pent s’^ioncer 
ainsi ; uii cone droit etant coup^ par un phui, on pent cn gene- 
ral concevoir deux spheres qui, touchant le c6nc dans son inte- 
rieur, touchent aussi le plan secant : alors les deux points de 
contact du plan ct des sphiircs sont les foyers de la section co- 
il ique. M. Dandelin a donne une nouvelle extension a co tlieo- 
reme dans un nieinoire sur V hyperboldkle de nkJolutUm et sur 
les hexdf^ones de Pascal et de BrUuichou qui pour relegancc 
des nuHhodes geoin^triques est peut-etre le meinoire Ic plus re- 
marquable que Ton ait ^crit en Belgique t« 

Enfin le tome iv. des nouveanx M(^moires de V Acadthnie de 
Bruxelles renfermc encore deux autres ecrits dc AI. Dandelin, 
run sur les intersections de la sphere et d'tin cone du second 
degrdy Tautre sur Vemploi des projections stt^reographiques cn 
geometrie. 

M. Timmermans J s’oecupa <?galement avec sucees de la geo . 
mtUrie a trois dimensions; on a particulierement de lui des 
recherches ingen ieiises sur la tlieoric generale des Caustiques 
qu’on a essaye duns ces derniers temps de reduirc a sa forme la 
plus simple §, ainsi quhin essai sur une vourelle theorie des 
courhes\\. L’auteur rapport e les courbes a un systeme dont les 
coordonnes sont les deux rayons dc courbure suce^ssifs ; et leur 
equation est la relation qui cxistc entre ces deux rayons ; on 
corifoit (jiierequation doit avoir ainsi plus de siinplicite, puisque 
le parametre dc la courbe est le seul Element (jui entre dans sa 
composition. Une partie du memoirc est consacre j'l faire voir 
rutilite (jue Ton pent retirer de cette thcorie, eii la fesant servir a 
la resolution des equations numcri([ucs, a la recherche dhinc 
classe d’integrales dehnies, et a la resolution de quelqiics ques- 
tions de mecanique. 

II est peu dc pays ou rimpulsion donnee a la geometric a 
trois dimensions par I’illustre Monge ait laisse des traces plus 
sensibles qu’en Belgiciue. Les moires de V Academie et la Co/ - 
respondance Mathematique cn fournissent la preuve ; outre les 
ecrits qui ont dej^ ct^ mentionnds, ils presentent un grand nombre 
de recherches de differens gdonietres nationaux ct dtrangers 

• Nouveaux Memoir es de V Academie de BruxeUeSy tom. iii. 

t M. Bobilier s'est occiipe du ineme sujet, tom. iv. p. 157 ct suivantes dc la 
Correspondance M athemalique. 

X M. Timmermans, alors professeur dc matli5matiqucs, apass^ dansl’arme 
du g6nie cn 1831. 

§ Nouveaux Memoires de I' Academie, Corres^p, Mathho, ct Anunlcs Mnild-. 
inatiques de M. Gcrgoime, passim.. 

11 Memoires de fa Socieic des Sciences dc Lille. 
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cloni les noins sont lionorabli^mciit coiuiiis, tds qiic MM. Hu- 
diclte, Poiicek^t, Chasles, Bobillier, Van Uocs, Olivier, Reiss, 

Noeb 

On (leinaiidera peut-etre si cettc tendance trop exclusive vers 
(les niijthodes (]iii n*ont dai4s le plus js^raiid riombrc de cas ni la 
£;’eneralit(? ni la richesse des inelhodes anaJytiqucs nc doit pas 
ctre consid(^r^e coinme (hmgereuse. Cette evdinte paraitra 
f()nd( 3 e sans (Joute surtoiit dans un pays ou les matlieinaticpies, 
nouvelles eiH‘ore, out besoin dc s*etab:ir siir uii bon pied, et de- 
niandent a nc point cHre faussees dans leur direction. Cepen- 
daiit si cette tendance doit c^tre restrelnte en geiUTal, on aurait 
tort de vouloir rarret?r ehez ceiix cpii ont pour ce genre d’citudc 
des talens particiiliers. On n’a pas trailleurs tire* de la geo- 
metric tout le parti pos.dble, et il est des (piestions dkin certain 
ordre (jiii se laissent aborder par elle plus facilcnient que par 
Tanalyse, ('f (pii portent ainsi line conviction plus grande dans 
les espriis. 

C’est pour appelcr rattention sur cc point scicutilique que 
rAc:ul(5iuie, an Concours de 1830, avait dumande rexamen phi- 
l()sophi(jiie des diflereiitcs methodes employees dans la gcHime- 
trie recente, et particulic'reniciit He la methode des polaires reci- 
pro(jues. M, Chasles, de Chartres, a qui la mcduille d’or a 6x6 
deceriuk*, a traite ce sujet avee beaiicoup dc talent, et a fait voir, 
dans un ikuut (|ui iie tardcra pas a paruitre, que la pliipart des 
theories nouvelles pcuvciit etre dthluites de quelques principcs 
fondauientaiix (rune fecondite remar({uable, et qui sont pour la 
geometrie a pen pres les analogues du priiicipe des vilesses vir- 
tuellea pour la intu’aifupie. , 

Ce n’etait pas la premiere fois (jiic rAcadeinie de Bruxelles 
mettait au concours des queslious de geometrie ii cote de celles 
d’analyse et de mecanique; elk* avait propose eii 1824 une 
(picstion sur la theorie cles sections annulaires ou lignes spi- 
ri(|ues, question d’uiic port<5e luoiiidre que la prcicedente, mais 
(|ui cependant n’etait pas indigne de fixer Tattention, puisque Ic 
tore trouve un frequent emploi dans les arts. Le prix fut d(i- 
ecrim a M.Pagani t,qul donna rdejuation g(5nerale de ces courbes 
(111 4^ degre, et leur discussion complete avec les caracteres pour 
les recoimaitre. Apres i’impressioii de son memoire, I’auteur 
lit connaitre, par la Correspondance Matheniatiquey un caractere 

* M. Goebel, alors professour de matb6matiqucs a rUnivcrbit6 de Louvain, 
auteur d’lm traite de geometrie, a public un memoire Latin sur les rnoyeiis les 
plus ctlicaces pour exciter les jeunes gens a I’etude de la geom^*tiit? descriptive. 
M. Goebel babite lAllemagne depuis 1830. 

t M. Pagani, depuis la suppression de la faculle des sciences de Louvain en 
1S;](), cst pvofesscur a rUiiiversit(* de Liege. 

183r). E 
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tres simple pour (listinj^uor la realite d’liue ecjuatiou du 

de^re assoz c*()uiplu]iiee ; ce qui aehevait la discussion des 
equations des sections annulairi s. 

Auab/se. — L*analyse alg^briqiie a ct^ nioins cultivc^e que la 
geoin^trie ; eependant on pent ciler quelques ecrits (pii ren- 
ferment des choses remarquables, mais on trouve encore dans 
pliisieurs nne tendance a reporter r.inalyse siir le terrain de la 
i(eoiiietrie ; ainsi MM. DundeJin, rimmerinaiis et Van Kees 
out puise dans des constructions dis njethodes nouvelies pour 
la resolution des (Equations On duil imssi a M. Van Reest 
deux ineinoires int^ressaus, Tun sitr Vanalyae des fonctions an- 
gulaires, I’aiitre sar ta vonvergenve des series et des produits 
continns^, Parini les per-oiines qui ontcultive ranalyse alge- 
brique nous ne devons pas oinettre non plus M . Vcrhulst, (jui 
s’est particuli^renient occupe de la tlu^orie des nombres, et M. 
Noel, qui par son calcul des indices a essaye des voies nouvelies 
pour la solution de differentes classes de probRmes§. 

II existe ei>eore des images dans la theorie de relimination. 
Quand quelques lines des racines de Ti^quation finale sont in- 
coininensurables, comine on nf peut en obtenir que des valeurs 
rapprochees, la substitution de chacune d’elles dans les deux 
proposees ordonn^es suivant Tautre inconnue, en altere les co- 
efficiens d’une inaniere qu*on ne peut apprecier, en sorte que 
chaque substitution denature ou peut denaturcr les valeurs de 
la seconde inconnue, c. a d. lui en faire acquerir qui soient tres 
^loign^es des v^ritables. L’ Academic de Bruxelles avait en 
consequence demande ay Concours de 1823, de determiner, sans 
resoudre eflfectivement les equations, 1. les limites extremes 
des valeurs de chacune des inconnues; 2. une limite au dessous 
de laquelle ne puisse tomber la difference entre deux valeurs de 
chacune de ces memes inconnues (ce qui rentre dans la iiiethodc 
de Lagrange, pour la recherche des racines incommensurablcs 
des Equations u une inconnue). L* Academic deinaiulait de plus 
des applications uumeriques aux solutions reellcs seulement, 
in^gales, ^gales et incommensurables. Le m^moire qu^elle a 
couronne pour cette question se trouve insere dans le tome iv. 

♦ “ Recherches siir la Resoliition ties Equations Niiin^riqucs,” par G. Dande- 
lin, tome iii. des Mhn. de iAcud. ‘‘Sur les Limites des Racines des Equations 
litt^rales du o* Degr^,’' par M.Van Rees, tome v. Corres. Math, “Siir la Reso- 
lution des Equations Numcriques/’ par M. Timmermans, tomeii. Corr, Math. 

t M. Van Rees, alors professeur de mathematiqiies a TUniversit^ de Liege, 
se trouve cn Holland depuis 1830. 

I Corresp. Maih,^ tome vi. 

§ M. Verhulst, professeur h I’Ecole Militaire de Bruxelles; M. Noel, pro- 
fesseur h Luxembourg. 
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JtiJes M^moircii Coiironn^s\ il est tie M.V^ne, oflieier du g^nie 
yitn France. 

; Lcs Mhnoires de V Amdhniey tome v., contieiinent augbi un 
i^crit int^ressant de M. Pagani sur un point d^licat d’analyse. 
|Le d^veloppemcnt d'uiie fonction arbitraire en series trigono- 
'metriques, indique d’abord par Lagrange, et etendu ensuitepar 
Fourier, servant a rintegration des Equations lineaires aux dif- 
ferentiellcs partielles, iie suflit pas dans tons les cas. L'objet du 
inenioire de M. Pagani est de transformer les fonctions arbi- 
traires en scries, (lout les termes gAieraiix d^rivent d'urie certaine 
fonction plus gcneralc que les fonctions symetriques, et comprc- 
luint celles-ei eomme des cas particuliers. 

II serait difliciledu rcste et ni^me superflu dc s'appcsantir ici 
sur les (lifferentes recherches mathematiques qui ont ete pro- 
tluitos ehez nous, surtout quand elles n’ont pas pour objet de 
I'aire avaticer la science ou qu’clles ne marquent pas la tendance 
actuelle ties esprits. 

JArrmiffue , — Apres avoir parle des mathematiques pures, 
nous indit|uerons les principaux travaux qui ont ete faits dans ce 
[[ui sc rapporte a la mecaniquc analytique. M. Pagani, qui semble 
[ivoir en vuc tie presenter plus tard un ouvrage qui resume 
['ensemble de cctte science, a successivenient fait connaifere, dans 
differens inenioircs *, la maniere d’envisager les theories fonda- 
inentales. Ainsi dans un premier travail sur le principe des vi- 
tesses virtuelles, il a donne une demonstration dc ce principe, et 
le moycn le plus simple pour determiner le d^placcment virtuel 
I'un systcme invariable t« Il s'est occupe ensiiite dans dilTe- 
rens ecrits de Tequilibre et du mouvement ties systemes flexibles, 
et il a ete conduit ainsi a consi^drer Tint^gration de differentes 
eijuations (ju'on rencontre dans la tlieorie de la chaleur ; par ex- 
emple, dans un memoire couroniie sur les mouvemens oscilla- 
toires des systemes flexibles lineaires J, M. Pagani fait voir com- 
ment une certaine integralc definie employee par Fourier peut 
servir a determiner les limites des racines d'une Equation tran- 
scendante, et ranalogie entre les oscillations de certains systemes 
lineaires et la propagation de la chaleur k travers certains corps 
solides. 

Dans un autre memoire, sur Tintegration des Equations rela- 
tives ail mouvement de la chaleur dans les corps solides 

* Voyez les Mm, de VJcad, de Brux,, la Corresp, Math.y ct le Journal de 
M. Crellc, vol. xii. 

t Now). Mhm, de V Acadhnie^ tome iii., et une note dans le 1 1* volume du 
Journal de M.Crelle. 

X Mhn. CouronnU de VAcad,f tome v. 

• B 2 


$ Mem.y tome viii. 
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M. Pagmii s’est propose de r^soiulre par la niethode dc Fourier 
les problfciHCS geiieraiix (|ui coniprennent comme des cas parti- 
ciiliers ceiix qui ont 6t6 ri^solus pour la premiere fois dans la 
tWorie de la chaleur. Cette solution ^tait importante si Ton 
c*onsidere cjue des gdometres dii premier ordre, et particuliere- 
ment M. Poisson dans le 19**"® Ca/ner de V Evofe Pnh/techniqxu*, 
avaient combattu la imJthode de Fourier comme insiiflisaute. 

M. Timmermans, qui s’est occup^, comme M. Pagani, du prin- 
cipe des vitesses virtuelles*' et du probleme de la pression d’un 
corps qui porte sur plusieurs appuis, a pn^sentt* en 1829 a I’Aca- 
demie dc Bruxelles un memoire sur la forme la plus avanta- 
geuse a donner aiix ailes des moulins a vent. Dans ce memoire, 
qui a obtenu la medaille dorf, rauteur a traite d’une mani^re 
tres gf^n^rale un probleme qui deja avait occupy plusieurs geo- 
metres distingues, et les equations aux(juelles il a dte conduit 
v^rifient dans les cas particuliers les resultats d’Euler, dc Lam- 
bert, et de Luloss. 

II est a regretter (pie differens autres ouvrages de nu^canique 
analytique remarquables soius plusieurs rapports n’aient point 
encore reyu depublicite ; nous citerons en particulier deux me- 
moires de M. Timmermans sur l<?s pressions et torsions, un 3^ 
memoire du meme auteur sur rhomme considcre comme agent 
luecaniquc, de mcme qu’un memoire sur Ic zinc par M. Tinge- 
nicur De Behr, ou Ton trouve des theoremes remarquables sur 
la resistance des solides. 

L’Academie a couroniK? tout rex*cminent (1S35) un autre tra- 
vail de m^canique pratitpie qui avait pour objet de determiner 
le moyen le plus avaiitageux d’elevcr I’eau a des hauteurs de 
plus de cent luetrcH par le niojyn de I’air atmospheri(pie. En 
proposant cette (luestion, rAcademie n’avait pour objet que de 
provoquer de la part des homines verses dans la science de Tin- 
gdnieur, uue discussion approfondie sur uric nouvellc application 
de Vair atmosplierique comme vdljiculc de la force motrice J. 

La Bclgirjuc s’est associfc dans ccs derniers temps aux efforts 
des savans qui out cherch^ a faire dcscendre de plus en plus 
parmi les classes iiulustrielles les tresors scientifiqucs qui res- 
taient trop exclusivcment le domaine du geometre. MM. Dan- 
delin, Pagani et Lcmaire ont 6i6 des premiers a seconder cet 
elan, soit par des cours publics, soit par des traiids speciaux de 
mdeanique industrielle. Le Gouvernement, cn 1828, avait de son 
C(>td coininencd k Bruxelles un Musde des Arts ct de ITndustrie, 
mais qui jusqu’ii prdsent est demeurd comme un corps sans fime, 
comme un objet de pure curiositd, et, il faut le dire, plut6t 

♦ Cor.’fnp. Math.^ tome i. f Mem. Conronnh^ tome viii. 

t Lc Mhnoire Couronnd est dc M. Devaux, iiig6nicur a Liege. 
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coimue un vaste magasin d’iiistruinens de physique ancieus et 
niodernes que comme uii repertoire que Ton puisse presenter 
d’unc maniere utile a nos indiistriels. C’est un cabinet tres 
curieux sans doute pour le viilgaire ; mais ou Ic physicien, u ([ui 
il seinble plus 4 )articulierenient destine, chercherait vainement 
pour les experiences deiicates les instrumens dont il est dans le 
cas d’avoir besoin. 

PhifsiqH(\ — La saiiie physique a fait trop pen de progres en 
Belgique pour qu’on puisse meme apprecier les deplorables la- 
Clines qui viennent d’etre signaiees'^. Dans rOptique, qui est la 
branehe pour hupielle on peut citer an inoins qiielques ecrits re- 
marquables, il se trouve cependant encore si peu d'adeptes qii*il 
est facile de compter ceux pour lesquels les phenomenes brillans 
de la polarisation ne sont plus un secret. C’etaitpour repandre 
<lavantfige le goiit de cette purtie attrayante de la physique que 
M. Verhulst entreprit de donner une traduction dc Touvrage de 
Sir J. Herschel sur la luiniere ; mais il fallut rccourir aux presses 
de Paris pour en faciliter rimpression. 

Vers la mCnne epoque M. Plateau publiait une dmertutiou 
sur (jnelques proprieties des iuipressions produites par la lumiere 
sur forgane de la rue f, dans laquelle il etablissait, d'une nia- 
iiierc bcaucoup plus precise <ju’on ne Tavait fait jusqu’alors, la 
diiree des impressions produites sur la retiiie pour les differentes 
couleurs; il examine dans le m^*me nu^moire, d^unemaniei'e ge- 
nerale, les illusions produites par des lignes qui tournent les 
vines devant les autres. 11 revint a differentes reprises sur ces 
rechcrches J qui avaieiit occupe vers la mOine epoque MM, 
Roget et Faraday, et en suivant le cours dc ces idees, il imagina 
de construire Tinstrument iug^nieux diisignc tour a tour sous 
le iioni de Fantascope, de Pheiiakisticope et de Stroboscope §. 

Dans un autre memoire dont la partie a publife dans 
le tome viii. des Mffmoires de V A eademie de Bruxelles^ M. Pla- 
teau presenta un cssai d’une theorie g^nerale comprenant la 
pcrsistance des impressions de la retine, les couleurs acciden- 

♦ On pourrait reproclier peut-etre a I* Academic de Bruxelles de nc pas avoir 
fait ^ la physique une part assez grande dans les programmes de ses concours. 
Cependant le 1®*^ volume de ses Meraoires Couronnes contient un travail de M. 
i)e Hemptinne sur la vapeurd’eau employee comme moycn d’echaiifrement: 

f Publiee a Toccasion de sa promotion au grade de Docteur, in 4°, a Liege, 
1829. 

J Corresp. Mathem. Voyez dans le mcme recueil, sur ce sujet, les reclierclies 
dc M. Lefrun 9 ois. 

§ Cet instrument d’optique fut construit presqu’eu ineme temps a Vienne; et 
Von pent presumer par le rapprochement des dates que rauteur Allemand n’avait 
point connaissance de la publication faite a Bruxelles. 
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telles, rirradiation, les effets de la juxtaposition des couleurs,les 
ombres colorees, etc. D*:iprcs cette th^orio, lorsque la r^^tine, 
apr^s avoir etc ^cartcc dc son ^tat normal par la presence d*un 
objet colord, est subitcinent abandonnee a elle-indine, elle re- 
gagne d’abord rapideinent le point de repos ; inais entrainec par 
cette especc de mouvement, elle ddpasse ce point et se constituc 
dans iin dtat oscillatoire plus oil nioins prolongd, d’oil rdsulte la 
succession dc deux sensations opposdes, savoir, celle de la cou- 
leur primitive et celle de la couleur complementaire. La pre- 
miere deini-oscillation constituc la persistance de r impression 
primitive. D’un autre cdte, pendant qu'une portion de la rdtinc 
est soumisc h Taction de la luiniere, les parties voisines parti- 
cipent ii cette excitation jusqiTa une tres petite distance, et 
donnent ainsi lieu an phenom^ne de Tirradiation ; mais en vertu 
de Ja Illume loi de continuity, au dela de cette limite, sc manifestc 
un dtat oppose, d’oii resulte la sensation de la teinte complemen- 
taire qui modifie la couleur des objets voisins. M. Plateau a 
montre quo, plus loin encore, se retrouve quelquefois une legerc 
nuance de la couleur primitive. Ainsi Ton a d^un cote relative - 
ment a Vespace^ les nidmes phenomenes oscillatoires qui se pro- 
duisent de Tautre relativement au temps : tons dependent d’une 
m^me loi dc continuitc. Cette thyorie est developpee avec beau- 
coup dc clarte, et repose sur des experiences dont plusieurs sont 
entierement nouvelles. 

M. Plateau a insyry, depuis, diffy rentes notes sur la vision 
dans les Bulletins de TAcademie de Bruxelles, on Ton trouve aussi 
Textrait d’un memolre tres interessant de M.le Professeur Crahay 
sur quelques pynomhies de vision. Ce dernier physicieii a ex- 
pose, d’une manierc claire et tres satisfaisante, comment les ob- 
jets forment leurs images au fond dc Tadl, et comment il faut 
s’expliquer une quantite d’illusions d'oplique dont les physiciens 
ont parle dans ces deniiers temps ; lui-meine il produit plusieurs 
experiences nouvelles, ct qui se dyduisent cominc consequence 
de sa thyorie. M. Crahay est conduit a conclure dc ses re- 
cherches que Tceil presente k la fois, dans la formation des 
images, Taberration dc sphyricite et Taberration de refrangibi- 
lity, conformyment aux recherches faites recemment encore par 
M. Powell. 

En parlant de la partie de la physique qui concerne la vision, 
nous ne croyons pas devoir mentionner la thyorie des caustiques 
dont plusieurs auteurs se sont occupys, parcequ’elle appartient 
plutdt aux mathymatiques pures. 

Les phynomenes de TElcctriciiy ont mydiocrement cxcity Tat • 
tention des Beiges ; je nc parle point de ceux qui remontent au 
temps de Tillustre Volta, et qui out trouvy place dans le Journal 
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fie C/iimie de M. le Professeur Van Mons, mais de ceux plus re- 
cei:s de rElectro-dynaiiiique, dont les ddveloppemens ont ete si 
riipides et ont produit dqs r^sultats si surprenans. Le peu de 
personnes qui s^en sont occupies chez nous, se sont plutdt bor- 
ii^es a verifier les r^sultats obtenus, et a presenter leurs observa- 
tions sur les explications qui en ^taient donnees ; sous ce rap- 
port, les recherches de MM. Lipkens, Gloesener, et Vanderhey- 
den, qui a reconnu iin des premiers Teffet des courans sinueux, 
n’ont pas (^te perdues pour la science. Cet etat de choses pou- 
vait tenir a la difficulte de se procurer de bons instrumciis ; 
cependant un jeune artiste Bruxellois, M. Sacr^, dont Ic noin 
merite de trouver place ici, construisait avec beaucoup de 
dexterity les instrumens les plus ddlicats, et souvent m^me 
avant qu*on put se les procurer chez nos voisins. En general, 
le travail des arts de precision est tres neglige en Belgique, et 
ineriterait des encounigeniens. M. Sacr^ a construit des aiinans 
reinarquablcs par leur force ; nous en citerons un de 27 kilo- 
grammes de poids qui en a porte 196. Des aimans de 2^ kilo- 
grammes ont porte 424 kilogrammes ou 17 fois leur poids 

Le MagntHisme terrestre, comme ^l^ment du temps, ne devait 
pas Hre ndglige dans un observatoire; aussi, avant mfirae Tacheve- 
meiit dc celui de Bruxelles, fut-il compris au nombre des ob- 
jets qui devaieiit fixer rattention de rastronome. Cette partie 
de la physique avait ete si honteusement n^glig^e parmi nous, 
<pi*en fouillant dans nos annales scientifiques on ne trouve pour 
les temps ant^rieurs a 1827 que trois observations de de- 
clinaison faites a Luxembourg, a Nieuport et a Ostende, par 
•deux physiciens Anglais. Depuis cette dpoque des observations 
r^gulieres sur la d^clinaison et rincliiiaison de Taiguille ont <5te 
faites avec d’excellens instrumens de MM. Trough ton et Simms 
de Londres. L’intensitd magnetique relativement a d’autres 
stations fondamen tales, telles (pie Paris, Londres, Berlin, etc., 
a <?te egalcment ddterminee avec soin et controlee par des phy- 
siciens distingues, et entr’autres par MM. Rudberg et le Capi- 
taine Sabine. M. Forbes a fait a Bruxelles des observations 
comparatives analogues, mais les resultats n’en sont point en- 
core connus. 

La partie pratique du Magn^tisme a conduit a des recherches 
de theorie qui ont ^t^ consignees dans un ni^moire insere dans 
les Anmdea de Physique et de Chimie (Juillet 1833), sous le 
titre, Recherche sur les degr^s successifs deforce qiiune aiguille 
deader rer^oit yendnnt les frictions multiples qui servent (i 
Vaimanter, 

• M. Sacre a aussi cssaye de coustruire des chronom^tres, partie csseiitielle- 
iiicnt n6glig6e choz nous ; et coiuiuent aurait-on pu cultiver Thorlogerie avea 
succes? puisqu’il n’y avait pas lueme les moyciis de coiinaitre Theure. 
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La nuhiu* lacuiie se fait reinarqucr clicz iioius dans lout ce 
qiu tieut aux temperatures iiit^rieiires dc la ter re ; il n’existait 
a iiotre coniiaissance aucimc observation a cc sujet avaiit cellos 
qui furent commcncees a TObservatoire do Bruxelles eii 1834 , et 
qui se poursuiveiit regulierenient au nioyen de huit thermo - 
metres places a des profondeurs iii^gales entre la surface du sol 
et 24 pieds d'abaisscmeiit. 

Mviooroloi^U\ — Quant a IaMeteoroloi» ie,on trouvera un aper(;u 
bistorique de ses phases en Belgi(|ue juscpi'a ce jour dans le 
tome i. des AnnaUs de r Ohserratoire de Bntxellcs. 11 resulti* 
de cet aper(;u que cette branche de nos connaissances est, loin 
d^y avoir 6i6 cultivee avec succes, puisque pour la villc j)ar ex- 
(^elicnce, pour la ville de Louvain, (pii pendant (piatre siecles a 
vie en possession d*unc Universite, on ne connait pas une scule 
stTie d’observfitions*. 

On peut m^me regarder conime mil tout ce (lui avait 6\6 fait en 
meteorologie avant la fondation de raucienne Acadiunie de Brux- 
elles. Les relations qiie ce corps savant etablit en 1 7H 4 ave(“ la So 
ciete Meteorologique de Manheim produisirent des observations 
interessantes qui furent consignees dans h‘s actes de cette der- 
niere Society, Mais ces obsenations abandonnees apres (luehjues 
annees furent reprises a diffcuTiites epoques par des particuliers 
avec beaucoup de zele sans doutc, mais generalenient avec de's 
instruinens defectueux. On doit distinguer parmi eux ^IM. 
Poederle et Kickx (|ui observaient a Bruxelles. Cependant tons 
ces physiciens observaient avec des barometres pen jirecis et de- 
pourvus de verniers, lls negligeaient les corrections des tem-« 
peratures et de Taction capillaire, e’est dire asse/ combien pen 
la saine physiqiu' avait fait de progres parmi nous. Un seul 
ineteorologiste vraiinent digue de ce nom, M. Crahay, nous a 
donne line sdric (Tobscrvatioiis faites a Maestriclit avec d’ex- 
ccllens iiistnnneiis et qui remoiitent a Tann& ISlsf. On peut 
les ranger parmi les meilleures observations de ce genre ([lu' 
possede la science. M. Crahay, actuellement etabli a Malines, a 
repris le cours de ses recherches metdorologi(|ues ; elles se lient 
a celles de TObservatoire de Bruxelles qui en publiera r(5gu- 
lieremciit les resultats, conime ceux des observations qui se font 
binuiltaiiement, avec des instruinens compares, au ch^lteau de 

• 

♦ M. le Professciir Van Mens, qui appartient actuellement ii rUniversite dc 
Louvain, et qui s’est occupe avec succes des pheiiomcues electriqucs, a public 
dans le tome iv. des A/i'moin's de VAcad-emie un in6moire sur les brouillards 
dc divcrscs natures; il s’est aussi occupe de la theoric dc la roscc. 

t Vo)(.';} les diflcrciis volumes de la Corresp. Math. On trouve aussi dans J(? 
tom. viii. un incmoirc intcrcssant sur les corrections a faire aux observations 
barom6tri(iues. 
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Uolli*, prt^s de iiastognc*, a Liege, ;i Anvers, et a Gaiidf. Ce 
systeine eombiiie crobservations faitcrapres de bonnes nietliodes 
et avec des bons instriimeiis, domic lieu d'espcrer des resultiils 
satisfaisans pour la science et nous inettra sans doute dans une 
ineilleurc voie (]iie celle ou nous avons ^te jusqu’a present. 

M. Craluiy vieiit de presenter fi TAcaddniie de Bruxelles un 
niemolrc sur la variation diurnc du barometrc, dans leyuel il a 
obtenu pour principales conclusions : 

1. En prenant les moycnnes de trois annees, rinstantdu maxi- 
mum arrive a du matin, et celui du minimum a 3‘*’812 

de Tapr^s midi ; 

2. Pour les six inois Avril, Mai, Juin, Juillet, Aodt et Sep- 
lenibre, le maximum arrive de meilleiire lieure et le minimum 
plus tard (|uo pour les six autres mois. Dans la period<* 
la duree de roscillation diurne est de ; dans la 2"™*" elle 
n’est (]ue de 5 ‘‘* 72 . 

ylstvdiiomic, — Parlerai-je de T Astronomic, qui couronne pour 
ainsi dire Tediliee des sciences, et qui pourrait donner la me- 
sure de la hauteur a la(|uelle un pcuple cst parvenu a s’clever ? 
Tetat d’abandon dans le([uel elle est restee ehez nous ne ferait 
pjis augurer en not re faveur. Les seiiles observations que Ton 
ait faites depuis un sieele et demi, c. a d. depuis que Tastro- 
nomie a veritablement pris rang comme science, sont dues a uu 
etrangtT, a M. Pigott, dont il a deja etc parle. Frappe de eette 
lacune, et presse par de vives prieres, le gouvernement des Pays 
Bas, apres deux annees d’hesitation, ordonna en 1826 la con- 
struction d’un observatoire a Bruxelles, et il est juste de dire 
qu’il voulait des lors le rendre digue de Tetat actuel de la science, 
et plus riche meme que ceux dcs Provinces du Nord. Des Pali- 
ng suivantc il lit construire les instrumens par les artistes les 
plus habiles, MM. Trougliton et Simms en Angleterrc, M. Gam- 
bey en France, et M. Kesscls, notre compatriote actuellement 
etabli cn Allenuigne ; mais les travaux dont la Regenec s'etait 
chargee marcherent avec la plus deplorable lentcur. La Revo- 
lution de 1830, comme nous Pavoiis deja dit, faillit eiitrainer la 
mine de robservatoire, et detrviirc pour long temps encore Pave- 
nir dc Pastronomie en meme temps que toutes les observations 

* Les observations de Bastogne, faites avec bcaucoup de soia et dc zelc par 
M. Waiitier, fils du senateur, datent dc 1831. 

t A' Liege les observations out etc faites en 18.30, -31* et -3*2, par M. l)a- 
vreux (voyez le tome i. des Annates de V Observatoire de Bruxelles) ; dies out 
etc eontiiuiees ensuite par M. Devillc-Thiry. 

Les observations de Gi«id et d’Anvers ne sont pas encore entierement or- 
ganiseos ; dies serojit faites dans cette dernicre villc par M. Veyt, ancieii 
nicinbrc de la Kegeiicc. 



58 


FIFTH REPORT — 1835. 


rt^gulieres qui s’organisaient. Mais cet orage s’est heureuse- 
ment dissipe^ sans qiie les constructions aient marche avec 
moins de lenteur. Aiijourd’liiii les instrumens sont terminus, 
et plusieurs viennent d’etre mis en place. 

J’ai trac<? un tableau rapide de T^tat des sciences physiques 
et niatJi^niatiques dans ce royaimie. J'aurais d&ir^ pouvoir 
vous entreteiiir aiissi de Tdtatde la Chiinie et des Sciences Natu- 
relles, dont Tavenir parait beaucoup plus rassiirant que celui des 
seieuces exactes. La Geologve surtowt a re^u une impulsion 
tros heureuse, qui senible particulierement due aux encourage- 
inens de rAcadeinie de Bruxelles. Les Concours anmicls out 
fait nattre une serie de travaux importans sur la geologic de nos 
provinces ; et bientot Ton se trouvera a nienie de construire avec 
ces materiaux uii travail d’enseinble qui pourra rivaliser avec ce 
que Ton a de inieux dans ce genre. 

On a pu voir par ce qui precede que la nouvelle Acadtunie 
n’est pas restee au dessous de sa mission. Les services ([ii’elle 
a rendus aux sciences historiques ne sont pas moins importans*; 
mais il est penible de le dire, ses efforts out etc moins apprdcies 
i\ rinterieur que par les etrangers. 

II me reste a presenter une derniere observation. J’ai dit que 
les Etudes profondes avaient et^ precedemment si negligees, (jue 
les homines qui commen^aient a s’y distinguer tHaient jcunes 
encore, et que la plupart n’avaieiit point de carri(ire d^terminee, 
quaiid arriva la Revolution de 1830. Pour ceux qui ^taieiit initios 
aux sciences mathematiques, ravancement dans les grades mili- 
taires fut rapide ; aussi Ton vit un grand nombre de Professeurs 
s^duits par ces avantages quitter renseignement et prendre des 
grades dans Tarmee ; leurs Aleves les plus distingues les y sui- 
virent ; or Tagitation de cette carriere et des Etudes nouvelles a 
commencer les {•loignerent de leurs premieres etudes. D’une 
autre part, le pays perdit plusieurs savans par Tetat de delabre- 
ment des Universites, par la depreciation du professorat, aiiisi 
que par la suppression de deux des trois facultes de sciences 
qui existaient d’abord. Aussi Ton ne doit pas s’etonner de voir le 
pen de recherches mathematiques produites depuis cinq aiisf ; 
il n’en a pas ete de inline des sciences naturelles. La defection 

• Le Gouvernement doniiant suite a des travaux dont rid6e avait dt6 sug~ 
ger6e par I’Acadeniie, et dont Tcxecution avait mOme commence, a cr6e deux 
commissions royales, Tune pour la publication des manuscrits in^dits, Tautre 
pour les monunieiis dii pays. 

f L’Acad^mie de IJruxclles, depuis 1830, a public six volumes de M^moires, 
dans lesquels on ne trouve (pie trois m^^moires mathematiques; ct la Cor- 
respondancey (|ui no coinptait plus en Belgique que trois ou qiiatre collabora- 
tcurs, au lieu de trente au moins qii’ellc cn avait autrefois, a ccssC* de paraitre. 
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(hi the Ph(Jcnomena of Terrestrial Maf^aetisni : being an Abs- 
tract of the Magiictismns der Erdc of Professor Cii. Han 
STEEN, lit/ Captain Edward Sadine, lLA,y FAt.S, 

M. Hansteen*s attenlion was first attracted to the subject of 
terrestrial magnetism by seeing in the year ISOJ, at the Cosmo- 
graphical Society of Upsala, a terrestrial globe, in the southern 
hemisphere of which was delineated an ellipse entitled Regio 
polaris magnetica’*, having two foci, one near Van Diemen's 
Land entitled Regio fortior’’, the other near Terra del Fuego 
entitled “Regio debilior". The “ Regio magnetica" was stated 
on the globe to have been deduced by Wilckc from the observa- 
tions of Cook and Furneaux. This magnetic system being at 
variance witti the opinion which then generally prevailed, that 
the magnetic pha3nomena could be adequately represented by a 
single magnetic axis, M. Hansteen was induced to examine the 
observations referred to, and which he found fully to bear out 
the view which Wilckc had taken of them. 

Hansteen proceeded to examine the observations which 
at that date bad been made in the northern hemisphere. Those 
in the neighbourhood of Hudson’s Bay sufficiently pointed out 
a “ Regio fortior*' in that vicinity, whilst those of the philoso- 
phers who visited the northern parts of the old continent in 1768 
and 1769 to observe the transit of Venus, and of Schubert who 
visited Siberia in 1805, as clearly indicated the presence of a 
second point of magnetic attraction in the northern hemisphere, 
either in Siberia or in the sea to the north of it. Tins indica- 
tion was further confirmed by the existence of a line of no va- 
riation ill the vicinity of the While Sea ; manifesting that the 
attraction of the needle to the westward by the point near Hud- 
son's Bay must be countcrbalancecl by an attraction acting from 
the opposite quarter, drawing the needle in a contrary direction ; 
the two attractions combined producing the intermediate direc- 
tion of the needle, in a line coinciding with the geographical 
meridian. 

The points of strongest attraction in each hemisphere appearing 
in nearly opposite points on the globe, and the points of weaker 
attraction the same, M. Hansteen was led to connect them re- 
spectively together ; and from circumstances relating to their 
motion, hereafter to be explained, he was induced to prefer an 
hypothesis of two magnetic axes, one stronger, and the other 
weaker, to Wilckc s hypothesi.s of elliptical magnetic regions. 
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On comparing the view which he had thus formed with Dr. 
Halley’s magnetic chart of 1/01, M. Ilansteen found a ge- 
neral acconlance. The principal differences were in regard 
to the situation of the Siberian pole, and to the motion of the 
axes, for both which Dr. Halley had very insufficient data. 
M. Ilansteen considers therefore that Dr. Halley was the first 
person to discover the true magnetic arrangement of the globe, 
and that his deductions were fully as precise as the observations 
made in his time permitted. A century having since elapsed 
of observations with more perfect instruments and methods, 
M. Ilansteen deemed that the time had arrived when their col- 
lection in one view and their careful examination might justify 
a far more complete and confident deduction. In 1811 the 
Royal Society of Sciences at Copenhagen proposed the following 
prize (jiiestioii : In order to explain the magnetic pluenomena 
of the earth, is one magnetic axis sufficient, or must we assume 
more?” The principal part of M. Hansteen’s work was com- 
posed to meet this (piestion, and received the pri/.e : it was com- 
pleted and published in the German language in 1819. 

In an Appendix of 148 quarto pages are collected the various 
magnetic observations which had been made from the earliest 
times to the year 1817, and which were previously scattered 
in voyages and travels and in the works of philosopliers and 
systematic writers. These are arranged in appropriate tables, 
and are the materials from which M. Hansteen has constructed 
maps of the variation corresponding to the years IGOO, 1/00, 
171<b l7‘-0, 1710, 1744, 17^0, 17^7^ and 1800; and of the dip 
for the years 1600, 1700, and 1780. In collecting these obser- 
vatioris and in arrartging them in maps M. Ilansteen has ren- 
dered a great service to all who desire to acq\iaint themselves 
with th(‘ facts regarding terrestrial magnetism that observation 
has made known. 

In the first chapter, entitled ‘^Of the Lines of Variation, and 
of their changes between the years 1600 and 1800,” the autho- 
rities for the several maps of variation are discussed, particu- 
larly those on which the map of 1600 is founded; these are 
examined in considerable detail, and are shown to be fuUy de- 
serving of confidence, and sufficiently exact for the pui pose, not- 
withstanding the early period at which they were made. 

In comparing the maps of 1 600 and 170()(P1. I.), tlie difference 
appears at first sight so great that we can hardly imagine how one 
series of lines can have passed into the other. The interval of 
a century is certainly a longer one tlian is desirable, and it is 
greatly to be regretted that sufficient materials do not exist for 
an intermediate map. Aided, however, by the light thrown on 
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the changes in that (century by the more exact knowledge we 
possess of those which took place in the succeeding century, 
we may still trace the general order of the changes between 
1()00 and 1700 , though without the precision in point of dates 
which is sui)se(jucntly attainable. 

In the map of IGOO the line of no variation in the Atlantic 
quarter of the globe forms two branches, an eastern and a 
western. These bend towards each other at the point of their 
nearest approach in 20° to 30° north latitude ; and we may for 
convenience divide this line of no variation into four portions ; 
a north-eastern from Lapland to the middle of Africa ; a south- 
eastern from the middle of Africa to Cape Lagullus ; a north- 
western from Labrador to 30° north latitude; and a south- 
western from latitude 30° north, to the Pacific, passing across^ 
the northern part of South America. In comparing the maps 
of 1 GOO and 1 700, the region of easterly variation included in 1 GOO 
between the two northern branches of tJic line of no variation ap- 
pears to have moved subsequently in a north-easterly direction, 
towards the North of Asia, where it is seen in the maps of 1 J* 70 an(l 
17H7^'. The westerly variation, which in IGOO occupied the 
coasts of Iceland and Greenland, moving south-w’estward, ap- 
pears to have taken the place, in Europe and the adjoining seas, 
of the easterly variation which prevailed there in 1600. On the 
other hand, the region of easterly variation comprised between 
tlie two southern branches of the line of no variation of IGOO 
appears to have moved in a south-westerly direction towards 
the southern point of South America ; and the westerly variation, 
which in IGOO occupied the Indian Ocean, to have moved cor- 
respondingly towards the Cape of Good Hope. Whilst the 
systems in each hemisphere w^ere thus moving in opposite di- 
rections, the eastern and western branches of the line of no va- 
riation in IGOO, approaching each other more and more in lati- 
tude ,30° north, united previously to 1700, probably in the 
neighbourhood of the Cape Verd Islands, and appear in the 
map of 1700 as a continuous line, which they have ever since 
preserved. This is the line in Halley’s chart entitled Line 
of no variation in the Atlantic.” The two northern branehes, 
united between the 20° and 30° north latitude, and still com- 
prising between them the small region of easterly variation, ap- 
pear to have moved towards Siberia, where they are seen in the 
maps of 1770 , l7^7j i«id 1800 ; wdiilst the lines of westerly va- 
riation in the north-western Atlantic, following the eastw’ard 

* The Maps, wbicli accompany this notice of M. Hansteen’s wBrk, are those 
of the Variation in KiOO, 1700, 1741, and 1787 : and of the Dip in 1600, 1700, 
and 1780. 
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iHoviTHont of llu' lliuMif I1(» variation, advanrrd towards the t‘asl, 
until tlu'y joinvd tlw coriTsponding lines of westerly variation, 
moving in the opposite direetion in Africa and tlie Indian seas ; 
and the two united have appeared as continuous lines, from that 
time to tlie present. 

If the map of be placed over tliat of IfJOO, and the 

points be marked in the latter in which the variation is the sauie 
in both, and a line he drawn connecting those points, two such 
lines will appear, one from Labrador across the Atlantic and the 
Brazilian continent, the other through the Persian and Arabian 
Gulfs and Madagascar. 

The lirst of these lines is intersected near the middle by the 
line of no variation in KUX) : the part north of the intersection 
•is comprised within the region of westtndy variation, and the 
part south of it within tlie region of easlerly variation. On the 
east of the northern part the westerly variation increased be- 
twt'en HJOO and and diminished on the west of it. On 

the east side of the southern part the easterly variation dimi- 
nished, and increased on the west side. On the whole (‘astern 
side of the line of no change the magnetic dirta’tion became 
more westerly; the westerly variation incr(*asing, and the 
('asterly diminishing ; u hilst the converse held good on the 
w(‘st(Tn side. Hence it follows that the lines of westerly varia- 
tion in the Atlantic turned on the points of their intersection 
with the line of no change, as on pivots, their motion being 
tliat usually termed ^Svith the sun,’' causing the westerly va- 
riations to impinge succ(*sslvely on the North-west of Luropi', 
and to advance progiTssively towards the south-i'ast. It was 
thus tliat the line of no variation Vvhicrh was observed in London 
in IhjJ did not reach Paris until IGtifi, nine years subsecpient. 

Asce nding from particular to general (‘onclusions, it may be 
stated as a general fact, that in the northern hemisphere the 
lines of variation collectively have an eastward motion, and in 
the soutiiern hemisphere a westward motiejn. 

in the map of I70O the lines of no change between 170O and 
170G are marked in a similar manner. In comparing the At- 
lantic line with its corresponding one, between IGHO and 17^0, 
very lit t ie difterence is perceived. The Indian line forms a 
pn'tty regular curve, from the Arabian Gulf and Madagascar 
to the 'l.'3th parallel of south latitude, and thence to the Straits 
of Suiula, and to China. At all places lying within the bend of 
this curve, the westerly variation diminished between 1 70() and 
1750, aiic> increased in those lying outside of it. 

In comparing the maps of 1/^7 Juid 1800, the ucstorly varia- 
tion, u'liieh in 17^7 occupi(‘d the ('astern part of Asia, is found 
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to Iiave moved in 1800 towards Corea and the adjoining iseas ; 
still evidencing the general progress eastward of the lines of va- 
riation in the northern hemisphere. 

The second chapter is entitled On the Lines of Dip, and on 
the Magnetic Force.’’ The commencement of this chapter is 
occupied in discussing the materials existing for the construc- 
tion of the maps of dip in ICOO, 1/00, and 1780. For tJiat of 
1 000 tlie authorities, though few, arc shown to be entitled to much 
confidence. Those for the map of 1/00 arc much more numer- 
ous ; hut that of 1780 is the first tolerably complete system of 
the lines of dip warranted by observations. A large space is 
occupied in examining the observations upon which the line of no 
dip, or, as it is frccjuently called, the magnetic equator, is laid 
down on this map. In the hypothesis of a single magnetic axis 
this line should be a great circle; it however differs much from 
the simplicity of figure which would correspond with that hy- 
pothesis. As much importance is attached to the correct deli- 
neation of this line, M. Ilansteen inserts a table of the several 
observations, seventy in number, from which its course is laid 
<lown, and makes each ol)servation the subject of a particular 
discussion. 

The extreme southern latitude in which the line of no dip is 
found is 1.3|^, which it reaches in from 120° to 2(P west from 
(Greenwich, hh’om that point it slowly but uninterruptedly ap- 
proaches the geographical ecpiator to the cast and to the west, 
until it cuts it in Africa in or about i25'^ east, and in the Pacific 
in or about 110° west. These points of intersection, or nodes, 
are thus not more than 135° apart, whereas if the magnetic equa- 
tor were a great circle, they ought to be 180° apart. The inter- 
section with tlie geograpliical ecpiator in Africa is at an angle of 
1214 °, but in the Pacific at an angle of only 7^°. The greatest 
northern latitude it attains is in 12fr° east of Africa in or about 
(»5° east. Following its course from that point eastwardly, it 
slowdy declines towards the south to the longitude of Malacca, 
where it coincides very nearly with the parallel of north. 
Here, however, it bends again to the north, being found in 
north in tlie longitude of the Philippines ; whence it finally de- 
scends without interruption till it cuts the geographical equator, 
as before stated, in the Pacific, in longitude 110° west. The 
greatest northern latitude attained by this line is in or about 
G5° east, and the southern extreme is in 23° west. These points 
are only 88° apart, furnishing additional evidence that the line 
of no dip does not correspond with a great circle on the earth’s 
surface. 

Each of the lines of dip and variation drawn in the maps 

1835. V 
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would have home u detailed examination, in the same manner 
and to the same extent as is j>jiven of the line of no dip ; but 
this would obviously have oeeupied too miieh space. M. Han - 
Steen refers to the observations eolleeted in the Appendix, as 
eontainin*;* the authority for, and proof of, each line ; adding 
his own assurance that an e([ually scrupulous care has been l)c- 
stowed on all. Kacli line, separately considered, affords a 
distinct evidence of systematic inconsistency with tlic hypothesis 
of a single magnetic axis. The line of no dip has been selected 
as an example, bi'cau‘'C It Is the litu' most usually referred to in 
such discussions. 

A summary of the principal changes tliat have taken place in 
the dip in various parts of the world, from the earliest observa- 
tions to the present time, is as follows : the north dip has in- 
ereased in North America, diminislied in hairope, and increased 
in eastern Asia and Japan ; tiie south dip has decreased in S(»uth 
America, has heen nearly stationary near the Capeof Ciood Hope, 
and has decreased ifi the vicinity of the Straits of Suiida and 
Ni‘U’ Holland. 

The remainder c»f this chapter is oeeupied in considering tlu‘ 
few observations of tl\e magnetic force that had hc'en madt‘ when 
M. Uansteen’s work was published. In the hypothesis of a sin- 
gle magnetic axis, it is a uell-knoun Ja\v that the force should 
incrcasi' from the magnetic CMpiator towards cacli of the mag- 
netic poll's, according to a certain function of the di[) ; cons(‘- 
(piently that all places having the same dip sliould have the 
same intensity. It is shown, liowevcr, tliat the observations not 
only do not accord with this law', but that they present markc'd 
and systematic differences from it. f’oniparalivc ohsi'rvatio/is 
of the magnetic force in places in Europi’ and in America, har- 
ing tlic sanu? dip, shmv uniformly that a li'ss intensity prevails 
in Europe than in America. In tracing along any of tiic lines 
of dip on wliich sncli comparative observations have been made, 
the iijicnsity is found progressively to diminish from a maximum 
on the western side of America, to a minimum in tin* western 
parts of Europe, in those lines of dip whieli arc included in tlic 
latitudis (>^ Europe, and in somewhat more easterly mcridhTus in 
tho.se which approach thegeographical cxpuitor, as well as in tbosi' 
furtlier to the south. In tracing any of these lines still further 
to the eastward, the intensity again increases. 

A second systematic difference from the law founded on a sin- 
gle magnetic axis is the following. In places lying under the 
same geographical meridian, a much greater increase of forci' 
corresponds to a given increase of dip in the meridians of New 
Holland and America than In those of Europe and Africa, 
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lleiu'c M. Ilansteeii concludes that a more extensive acquain- 
tance with the lines of eciual magnetic intensity would show them 
to be ecjually irrcconcileablc with the hypotliesis of a single mag- 
netic* axis as those of dip and variation are found to be*. 

Having thus prepared and arranged the materials furnished 
by observation, M. JIansteen proceeds, in tlie 3rd chapter, to 
consider the evidence they afford of the number, situation, and 
movement of the magnetic poles. 

The variation map (»f 17^7 (l^l* I.) exhibits a tolerably complete 
systc'inof (he lines of variation. In the neighbourhood of Hudson’s 
Hay, the indication of a point of directing influence is obvious 
in that (juarter, evidenced by the characteristic circumstances 
of a rapid convergency of the lines, and of the proximity of great 
easterly :ind great westt^rly A is 

seen to the south of New Holland, In two other quarters also, 
VIA, to the south of Cape Horn and in Siberia, arc less obvious, 
l>at still decisive, characteristics of the existence of points of 
directing influence. 

In the map of the dip in 1 78(j (PI. IL), the arrangement of the 
lines of dip corresponds to the indications thus traced in the lines 
of variation. In each hemisphere the lines of dip have a double 
flexure, those in the northern hemisphere making two loops to 
the southward, and those in the southern hemisphere making 
two loops to the northward. In the lines of dip also the di- 
reelJng influences in Siberia and south-west of Cape Horn are 
observed to he less distinctly marked than those in Hudson’s 
Hay and New Holland. 

In regard to the magnetic force, it has already been seen that 


In ]S2 j I publislu'd a series of observations which I liad made in 1822 and 
1 82;5 on the iHa^z;ne(ic dip and intensity at several stiitions comprised between the 
meridians of 7(5° W. and 23° E., and the parallels of 12° S. and 80° N. I was 
at that time unacquainted withM. llausteen’s work, having been little in Europe 
since its puhlieation ; but tlie irreconcileahility of my observations with the hypo- 
thesis of a single magnetic axis was too striking to be overlooked, and was ac- 
cordingly noticed by me : the direction of the curves of equal dip and of equal 
force was so fiir from corresponding, that the latter assuredly could not be com- 
puted, as had been supposed, by any function of the observed dip. The linos of 
equal dip crossed the geogrM^cal parallels of latitude at a small angle whijch 
nowhere exceeded a few whilst the isodynainic lines, wdthin tlie space 

comprised by the observ|[(|B||^ight be represented with tolerable approxima- 
tion by concentric curves^^iind an assumed maximum of intensity situated 
near Hudson’s Bay. On becoming acquainted with M. Hansteen’s work, I was 
much struck by the accordance of my observations, both of dip and force, with 
the system which he had anticipated from a study of the phienomena elsewhere ; 
and I should not have failed to have noticed this circumstance publicly, Ixad 
not M. Hansteen himself anticipated me in a review of my observations in die 
Annalen der PhyaiJe. 

F 2 
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un lines uf e(|n:il dip the intensity is tifrentcst in Ainerrcii; tliat 
it diniinishes in lining eastward towards Europe and Africa, and 
again increases, as tlie line of eipial dip is traced, still eastwardly, 
towards the centre of Asia and the Indian Ocean. Also, that in 
equal spaces on a meridian, greater changes of intensity take 
place in the longitudes of America and New Holland than in 
those of Europe. It is unnecessary to dwell on the accordance 
which these facts present with the inferences dniwn from the 
configuration of the lines of dip and variation, of the action of 
four points of directing influence. 

To obtain the approximate situations of these four points, 
M. Hansteen constructed two maps of the polar regions of the 
globe on a polar projection. (Plate A.) On the south-polar map, 
the variations observed hy Cook and Furneaux in their voyages 
of I77d and 1771 are represented by an*ows, indicating the an- 
gles made by the compass needle with the geographiiral meridian. 
On the norti -polar map aix rej)resented, in like manner, the va- 
riations observed in the northern hemisphere by Cook, Phipps, 
Lowenhorn, Schubert, Billings, and others, from to LSOa. 
The head of the arrow marks the place of observation, and its 
direction is that of the compass-needle, so that the angle which 
it makes witli the meridian is the observed variation. In the 
map of the south- polar region, all the arrows between the me- 
ridians of do E. and I tO"" E. are perceiveil to have nearly an 
uniform convei*gencv : their directions prolonged would all in- 
tersect somewhere about \S3‘'^ E., and or 70^^ S. latitiKle : and 
all the arrows comprised between the merkliaiis of 2 lO"" E. and 
32(P E. are convergent to a second point of intersection, sit\i- 
ated about 24(P E. and 7B° S.; whilst in the spaces intermediate 
between the meridians where the arrows are thus respectively 
convergent, the magnetic directions have no point of eonnnon 
convergence ; the arrows prolonged do not intersect ; all point 
intermediately between the two positions of directing influence ; 
but the particular direction of each arrow appears to be deter- 
mined by its relative proximity to one or other of the directing 
points, the influence of which predominates accordingly in the di- 
rection assumed by the compass-needle. 

M. Hansteen computes by spherical trigonometry the lati- 
tude and longitude of the mean points ^jp^erscction of the tw'o 
converging portions of the observationsJ^Tepresented by the ar- 
rows: the one to the south of New Holland is in l:V E. and 
G9° 27' S. ; the other, to the south of Terra del Fuego, is in 23G° 
43' E. and 77^ 17^ observations employed in these de- 

ductions were made in the years 177^ and 1774. 

Looking next to the map of the north-polar region, we find 
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again two points of convergence : one, of the observations in the 
northern parts of America comprised between the meridians of 
E. and 290° E., which, computed by spherical trigonometry, 
is in 259° 58' E. and 70"^ 17' N., corresponding to the year 1769, 
and to a mean of all the intersections ; the other, for the obser- 
vations in the North of Asia, between the meridians of 70^^ E. and 
130° E., in 101° 29' E. cTiid 85° 43'N., corresponding also to a 
mean of all the intersections of observations of the year 1769. 
Here also the arrow's in the intermediate spaces, viz. between 
130° E. and 230° E., and between 290° E. and 70° E. {passing 
through 360°), have no point of common convergency ; but their 
direction appears to be determined by one or other of the influ- 
ential |K)ints, according to proximity. 

Wc trace, then, by means of the polar maps four principal 
points of convergence in the direction of the magnetic needle ; 
two in the soutlicrn hemisphere, designated by M. Hansteen 
A and and two in tlie northern hemisphere, B and b. Those 
in the southern hemisplK're correspond to the year 1774, when 
A was situated in 136° 15' E. and 69° 27' S.; and a in 236° 45' E, 
and 77^' 17 'S. Those in the northern hemisphere to the year 
1769, w'hen B was in 259° 58' E. and 70°17'N., and b in 101° 
29' E., and S5°43'N. 

These points are called by M. Haiisteen simply points of 
convergence’'. Eaeli is considered by him to mark the vicinity 
f)f a magnetic pole ; the mode of deducing the positions of the 
poles from those of the points of convergence is a subject of 
discussion in a subsequent chapter, 

M. Hansteen next proceeds to inquire whether these points 
of convergence ajjpear to be stationary, or otherwise ; wdiether 
they arc ccjually the points of intersection of the directions of 
llie compass- needle observed in the same localities, hut^/ other 
(tates than those above stated. The observations recorded in the 
appendix furnish him with the place of A corresponding to the 
year 1G42 ; of a to 1586 and 1670; of B to 1725 ; and of b to 
1594 and 1805. The result in every case shows that the points 
are not stiitionary; the earlier observations concur uniformly 
in making the intersections, in the northern hemisphere to the 
westward, and in the soutlicrn hemisphere to the eastward, of 
the later observations. 

Neither the degree of exactness of the earlier observations, nor 
the intervals elapsed between them and the later ones, arc suffi- 
cient to warrant any very decided inference of the periods in 
w hich each or any of the points w'ould complete the circle of all 
the meridians. The periods indicated are, however, as follows : 
A 4609 years ; a 1304 years ; B 1740 years ; and h 800 years. 
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It further appears that A and B recede from, and a and h, on 
the contrary, approach, the geograpliical poles respectively ad- 
jacent to each. 

IV e may conceive the poles correspoiulini]; to A and B (which 
are the points of more powerful directive influence in eacli he- 
misphere) to belonjj^ to one magnetic axis, and the poles corre- 
sponding to ti and b to another magnetic axis, subject to the fol- 
loiving conditions ; vi/. that the two northern poles have an 
eastward motion, and tlie two soutliern a westward motion ; that 
in each axis the nortli pole has a considerably quicker motion 
than the south pole ; that both poles A and B of the one mag- 
netic axis recede from, and that both poles a and h of the other 
axis approach, tlie adjacent geographical poles ; and lastly, that 
the axes prolonged are not diameters, but chords ; they could 
only be diameters for a moment, on account of the opposite mo- 
tion of the opposite poles ; and then only if it should al^o ha[)- 
pen that each end of the axis is at the same time at equal di- 
stance from its adjacent pole of the earth 

In introducing the supposition of two magnetic axes, M. Ilan- 
steen carefully guards iigainst being iimierstood to allirm the 
existence of such, or as having any purpose beyond that of sug- 
gesting a convenient mode of connecting together and represent- 
ing the facts made known by observation. Sf) far from deciding 
on, be does not even discuss, the question, whotlicr the causes 
of terrestrial ma^ietism are to be sought within the globe, or 
externally ; though it is apparent that his own opinion inclines 
to the latter supposition. But with this undcistanding, he af- 
firms tliat all the pluenomcna hitherto made known by observa- 
tion admit of representation upon the supposition of two such 
magnetic axes as are above described; and he proceeds to ex- 
emplify tliis by showing the explanation such an hypothesis 
affords of the clianges of variation and dip in the maps of tliosc 
pii^enomena corresjmnding to different epochs. 

Reckoning back the positions of the points of convergence to 
the year IflOO, and viewing them in connexion with the map of 
the variation for tliat year, we should have h in 83° N. and about 
30° E., i. e. to the north-east of Spit/bergen ; and to the south 
west of Terra del Fuego ; at which time the axis a h was conse- 
([uently much nearer the Atlantic than tlie Pacific. B, requiring 
to be placed more westerly than its later situation, would be 

* We may iinagine in each axis two principal epochs ; one when the two pdes 
should be in opposite meridians, and the other when they should both be iironc 
and the same meridian ; but in the first case the prolonged axes would still not 
be diameters, because the opposite poles arc at unecpial distances, each from its 
adjacent pole of the earth. 



ON THE PHiENOMENA OF TERRESTRIAL MAGNETISM. 71 


found near Behring’s Straits ; whilst moving in a contrary 
direction, must be placed more to the east than by the later ob- 
servations ; and thus the axis A B will appear to have had pre- 
dominant influence in the Pacific at that period. The easterly 
variation in the south part of the Atlantic would be chiefly due 
to the weaker pole then to the south-west of Terra del Fuego ; 
and the westerly variation in the Indian Ocean to thestrongerpolc 
A, then south of Van Diemen’s Land ; whilst near Cape Lagul- 
lus the nee dle, equally attracted by both poles, would have, con- 
se([ueiitly, no variation. The westerly variation in Baffin’s Bay 
would be due to the stronger pole B, then in the North-west of 
vVmerica. The easterly variation in Euvoj3e and in a part of the 
Northern Atlantic, as well as the westerly variation at Nova 
Zembla, to the weaker pole A, then north-east of Spilzbergen. 
Why the needle showed no easterly variation at Spitzbergen 
will not be per fectly explained till the theory of the dip is exami- 
ned ; liad the two poles been, of equal force, such a variation 
\vould have been found there. 

At an epoch antecedent to 1600, h must have been still more 
to the west, near, for example, the east coast of Greenland ; at 
which time we should infer that the easterly variation, which in 
1 (>()() overspread Europe, prevailed much further to the west : 
and this is accordant with the evidence afforded by the earlier 
observations of the variation at Paris ; in 1541 the variation there 
was about 7 ^<l>r 8''-' E.; in 1550 between 8^^ or 9° E.; about 1580 
the easterly variation reached a maximum, which appears to have 
been about 11° 30'. From these facts wc may conclude, that at 
a still earlier period than 1541, the easterly variation must have 
been less and less as wc go further back, till about 1450, when 
it must have passed through zero into westerly variation. Turning 
now to the map of variation in 1600, we should say, in explana- 
tion of these pluenomena, that in 1450 the north-east branch of 
the line of no variation passed through Paris ; that the variation 
then became easterly, and increased till it reached a maximum 
in 1580, when it again decreased till 1666, in which year the 
north-west branch of the line of no variation passed through Pa- 
ris. The pole /;, continuing to move to the east, was followed 
by the whole system of easterly variations then observed in Eu- 
rope, and which have now reached, and arc found in the recent 
maps in, Siberia ; whilst B, in the mean time, slowly approaching 
Europe, has caused an increasing westerly variation, which will 
hereafter decrease as B moves to the eastward towards the me- 
ridians of Europe. In the United States of America the decrease 
of the westerly variation will precede that in Europe; before 
anoilier half-century B will liave passed to the eastward of the 



7;^ FIFTH KBPOHT ltS.j5. 

nieridimis of America, and the variation will have become, first 
zero, and then easterly. 

As a moved south-westward in the Pacific, it must have been 
followed by the lines of easterly variation in the Southern Atlan- 
tic; and the westerly variation shown in the Indian Ocean in 
the map of 1600, must ha\ e progressed to the westward as a re- 
ceded, and A advanced. 

The motion of the small system of westerly variation from 
North-east Asia in 177<) ‘ind 1787^ towards Corea and Japan 
where it was found in 1805, is explained by the eastern progress 
ofh. 

Our knowledge of the lines of variation in the Pacific is con- 
fined to recent dates : the phjenomena, however, as represented 
in the map of 1/8/ and in subsequent maps, are in all particulars 
accordant with tlie explanation of them afforded by the hypothesis 
of two magnetic axes. 

Viewing next the phienomena of the dip, we may infer that 
the south dip in South America decreases, because a is moving 
further into the Pacific ; and the north dip in Europe decreases, 
because b is moving further eastward in Siberia. The great dips 
(from 84^° to 89,}^) observed by Hudson at and near the Ah)rth 
Cape and Nova Zembla in 1608 were occasioned by the vicinity 
of A, which was, at that epoch, to the north-east of Spit/bergen. 
In Europe the dip will sliortly ^ain increase as B approaches 
our part of the world. The north dip in China i^pereases, and 
the south dip in the same longitudes decreases, because h ap- 
proaches the meridians of that quarter ; and for the same reason 
the line of no dip, which was observed by Cunningham in the 
Chinese Sea in 20° north latitude in 1700, is now found con- 
siderably to the south of that parallel. 

Proceeding next to consider the intensity of the magnetic force 
at different parts of the earth’s surface corresponding to the two 
magnetic axes, we must first remember that the axes are supposed 
to be chords, and that in their present position they are both nearer 
to the surface of the Pacific than to that of the opposite hemi- 
sphere, i. e. than to the continents of Europe and Africa. A line 
drawn from the centre of the earth perpendicularly on the axis A 
B, and prolonged, would meet the earth’s surfaccat a point in about 
197° E., and near the equator. This would be the nearest point 
on the earth’s surface to the middle of the stronger axis ; and a 
point 180° from it, i. e. about 17*^ E., (on the continent of Africa, 
not far from the Bight of Benin,) would be the point on the earth’s 
surface most distant from the middle of that axis ; and here ne- 
cessarily would be the minimum of intensity if this axis were 
the only one. But a line drawn from the earth’s cejitrc perpen- 
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vlicularly on the weaker axis a A, and prolonged, would meet the 
surface in about 217° K- ; this point would be the nearest to, and 
a point 180® from it, or about 37° E., near the east coast of Africa, 
would be the most distant from, the middle of the axi^aA, and 
consequently about 37° E. would be the minimum of intensity 
if (lb were the only axis. Hence it follows that the point of 
mii|iinum intensity in the line of no dip resulting from both axes, 
muit be somewhere in Africa between the two points of 17° E. 
Riid 37° E. From this point, then, we may imagine a curve to 
commence, passing northward through Euro^, and southward 
through Africa, and cutting every line of dip at its point of mini- 
mum intensity. This curve, prolonged through all the lines of 
dip, would at length pass into the points where the dip is 90®, 
where the character of the curve would change from the curve of 
m illinium to the curve of maximum intensity in the several lines 
of dip, which it would successively intersect till it again reached 
the geographical equator at some intermediate point between the 
meridians of 197° E. and 21 7° E., which are the points of greatest 
intensity of the two axes respectively, on the line of no dip. 

At the date of publication of M. Hansteen’s work there ex- 
isted very few observations of the intensity with which to com- 
pare the system of intensities here presented. Those which did 
exist were, however, conformable to it. The intensities under 
ecpuil (lips diminished from the west side of America (beyond 
which, on the side of the Pacific, no observations had been 
made,) to the coasts of Europe and Africa ; where the existence 
of a minimum must be supposed, since, in proceeding still further 
to the eastward, the force was again found to increase, under dips 
of the same amount. 

In the fourth chapter, M. Hansteen passes under examination 
Euler’s investigation of the mathematical theory of the lines of 
variation due to a single magnetic axis under various assumed 
conditions. Of these, the fifth case discussed by Euler is, when 
the poles of the axis are in different meridians, and at different 
distances from the poles of the earth. This case meets precisely 
the present conditions of both the axes in M. Hansteen’s hypo- 
thesis. Having premised Euler’s formulae in this case, he em- 
ploys them in calculating successively the lines of variation cor- 
responding to each of the axes A B and a A, in the positions they 
are supposed to have occupied in the year 1769. These lines 
are delineated on maps of both hemispheres, exhibiting separately 
the variation corresponding to each axis. These maps are then 
compared with the map showing the actual phseiiomena in the 
year 177^1 ; the result of the comparison maybe summed up 
as follows : Ist, The variation computed from the axis A B agrees 
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extremely well with the actual variation in the neighbourhood of 
Hudson’s Bay and Straits, and in the Southern Indian Ocean be- 
tween New Holland and the Cape of Good Hope ; that is to say, 
in phice% which are in the immediate vicinity of one or other of 
the poles of that axis. 2nd, The variations computed from the 
weaker axis a b represent, but not so perfectly as in tlie prece- 
ding case, the variations observed in the neighbourhood of its 
poles in South America and in Siberia. Hence wc perceive, that 
in those localities where the force of each pole might be expected 
respectively to j^dominatc, Euler’s lines of variation calculated 
for tlic axis of that pole accord vvith the pinenomena. 3r(l, The 
greater the distance that any point on the earth’s surface is from 
the poles of either axis, the less the observations are repre- 
sented by either system of lines taken separately. Thus, in the 
eastern hemisphere, we ought to have for the axis A B a line of 
25° west variation, passing through Northern Spain, Soutliern 
France, Germany, Prussia, Finland, and Russian Lapland; wliilst 
from the weaker axis a b we slionld expect an easterly variation 
of from 6° to 7° hi Spain, 10° in Finland, and 12^ in Tiapland. 
Tlie combined influence of both axes should then produce a va- 
riation, in Spain, between the limits of 25° W. and lf>° Fj. ; in 
Finland, between 25° W. and 10° E.; and in Lapland, between 
25° W. and 12° E. Now the variation map of 177<) shows in 
Spain 20° W., in Finland 3° to G° W., and in Lapland 0. The 
nearer either pole of the axis a b is approached, the more the ob- 
served variation differs from that which would be given by the 
axis AB, and approximates to that which is due to the axis ab. 
In the western hemisphere the line of no variation computed from 
a b passes south-west of the Californian Sea to the intersection 
of the meridian of 243° E. with the latitude 15° S., from whence 
its course is more southerly towards the pole a. In the map of 
the variation in 17 / 1 ^ there is an obvious relation in the configu- 
ration of the lines of v ariation in the Pacific to this line of no 
variation due to the axis a h. Nowhere on the line is the actual 
variation in strict accordance with it, the nearest approach 
being 2°E. ; the difference is occasioned by the influence of the 
stronger pole A. To the westward of this line, if the axis n h 
acted alone, the variation would have been westerly, but the ef- 
fect of the stronger pole predominates as it is approached. Near 
New Zealand AB would give between 20° and 25° E., and ab 
15° W. : the map shows 15° E. At Behring’s Strait A B would 
give a somewhat greater easterly variation than is shown by the 
nui)) of 1770 ; and here the neighbourhood of the weaker pole b 
draws the north pole of the needle to the westward. On a close 
and careful examination, it will be found a general rule, that the 
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variations shown by observation fall between the limits assigned 
by the consideration of each axis taken separately. There are 
two exceptions to this rule, which are in Java, and from Mex- 
ico to^lhe Isthmus of Panama. But these apparent anfinalies 
are alssiji capable of being explained, and disappear when a cor- 
rection is introduced, which M. Hansteen points out in Euler’s 
investigation, which in certain cases slightly affects the calcula- 
tions here made in strict accordance with Euler’s formulae ,* and 
when the true magnetic poles are substituted in the calculation 
for the points of convergence, which have hitherto been consider- 
ed as coincident with them. 

In concluding this chapter, M. Hansteen remarks, that as the 
curves of variation computed on the hypothesis of two magnetic 
axes eitlicr represent well the actual phaenomena, or assign the 
limits within whicli the observations are found to fall, — and as 
four magnetic poles sufliciently explain the doidile flexure of the 
lines of dip, — and as the alterations of variation and^dip are full}'^ 
explained by the motions above described of the four poles, — and 
as, lastly, the pluenomcna of the intensity indicate a double mag - 
netic axis, — we may consider this hypothesis to be as well esta- 
blished, as a means of representing the phienomena, as any hypo- 
thesis whatsoever introduced in physical illustration. 

Chapter fifth is entitled On the Theory of Magnets.” Hav- 
ing shown that when two magnetic points act on each other, 
their mutual action, whether of I'lttraction or repulsion, is the 
product of the absolute magnetic force of the two points into some 
function of their distance apart, M. Hansteen proceeds to inves- 
tigate the elementary laws which regulate the action of a linear 
magnet upon a magnetic point situated, first, in the prolongation 
of its axis; second, in the perpendicular passing through its cen- 
tre, or its equator. The action depends in both cases, first, on 
the distance of the point from the centre of the magnet ; second, 
(and particularly if the distance be inconsiderable in proportion 
to the length of the magnet,) on the distribution of the magnetic 
intensity in the magnet itself. These, therefore, form the sub- 
ject of two elementary laws, deduced from experiments, which 
consist in drawing a small compass-needle from its line of repose 
in the magnetic meridian by a linear magnet, placed horizontally, 
at different distances in succession, from four to twelve times the 
half axis of the magnet, in a line through the centre of the needle 
perpendicular to the magnetic meridian, and in noting the dis- 
placements occasioned thereby in the direction of the compass- 
needle. The displacements so occasioned are then compared 
with computed expressions, in which the influence of the mag- 
net is considered to vary inversely, first, as the distance itself ; 
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second, as the square ; and third, as the cube, of the distiince of 
the magnetic point from the centre of the magnet : and in which 
the distribution of the intensity along the inagnetic axis is con- 
sidere(j|to vary, first, as the simple distance of the particles from 
the middle point ; second, as the square ; and third, as the cube 
of that distance. It is shown by the comparison, first, as regards 
the distance of the magnetic point and the centre of the magnet, 
that when the displacements are computed in the inverse propor- 
tion of the simple distance or of the cube, they differ widely from 
those observed; but that when computed as the squares, the ac- 
cordance of calculation and experiment is satisfactory through- 
out the series. Second in regard to the distribution of the in- 
tensity along the magnetic axis, that the agreement is best in 
these experiments w hen the magnetic intensity of the particles is 
taken as the square of the distance from the middle point of the 
magnet. 

The expenments, therefore, indicate the following elementary 
law’s, viz. 

1 . That the attractive force w’ith which two magnetic points 
influence each other is inversely as the square of their 
distance apart. 

2. That the force in the axis of a linear magnet increases as 

square of the distance from the middle point; or, that 
l^e absolute intensity of each point in the axis is pro- 
portional to the square of its distance from the magnetic 
'^ntre. 

The first law is the same which w^as originally derived by 
Mayer from experiments communicated to the Royal Society of 
Sciences at Gottingen ; it has been since confirmed by other 
philosophers, and is in full accordance with the experiments of 
M. Hansteen. 

A corroboration of the second law’ is considered to be obtained 
from other experiments, subsequently related, in which two li- 
near magnets were employed for the purpose of examining the 
laws of their mutual action. M. Hansteen also notices the ex- 
periments of Professor Steinhausen, which lead to the same in- 
ference. He concludes, therefore, that there is at least strong 
probability in favour of the second law ; and as, moreover, that 
law is only of importance in small distances from the magnet, ap- 
proaching contact, — and as in its application to the phainomena 
of terrestrial magnetism the distances are always so considerable 
as to render almost imperceptible the effect of differences in the 
distribution of intensity in its magnet itself, its adoption on this 
occasion cannot give rise to any material error, even if it should 
not ultimately prove to be the true law. 
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Proceeding then from these laws, M. Hansteen pursues the 
bllowiiig investigations, based upon them, viz. 

The line of repose of an infinitely small magnetic needle within 
the sphere of action of a linear magnet. 

The dip of the magnetic line of repose towards the surface of 
a sphere, having in its centre an infinitely small linear 
magnet. 

The same, the ipagnet being eccentric. 

The situatioi^of dip 0 and dip 90°, with the intermediate 
lines of dip,|in the two cases, first, when the magnet is in 
the centre cl; the sphere; second, when it is eccentric. 

Tlie magnetic intensity, and the isodynamic lines in both the 
preceding suppositions. 

The action of a magnet, being in shape a parallelogram, upon 
a magnetic point in the prolongation of its axis, and in its 
equator. 

The action of a cylindrical magnet upon a magnetic point in 
the prolongation of its axis, and in its equator. 

Upon these investigations are founded problems contained in 
the succeeding or sixth chapter, which is entitled ^^Application 
of the Theory of Magnets to the Theory of the Dip, Variation, 
and Force, at any given place of the earth’s surface of known 
geographical position.” 

Suppose fig. 1., a single magnetic axis in the interior of 
the earth ; its prolongation, till it meets the surface of the earth, 
forms A B, the magnetic chord, of which A and B are the extre- 
mities. It is possible that the centre of the chord y, the mathe- 
matical centre of the magnet, and its neutral point (or the point 
in which the opposite forces are equal, and where there is con- 
sequently neither attraction nor repulsion), might be three dif- 
ferent points ; but they are at present considered to coincide all 
three ill y, the centre of the chord. 

Tlie circle E B F A is a great circle passing through C, the 
centre of the earth, and the magnetic chord. C y is the eccen- 
tricity of the chord. The magnetic equator is a great circle 
passing through the centre of the earth, perpendicular to the 
magnetic chord, and passing through its centre y : its poles are 
a and A, the extremities of a diameter of the earth parallel to 
the magnetic chord. If the magnetic axis were not eccentric, 
and the chord passed through the centre of the earth, its ex- 
tremities A and B would coincide With a and A, the poles of the 
magnetic equator. The radius of the earth being unity, the ec- 
centricity C y is the sine of the arcs A a and B A which measure 
the distance between the ends of the magnetic chord and the 
poles of the magnetic equator. 
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E F is a magnetic diameter of the earth pas^sing throiigli y ; 
E is the point on the earth’s surface most distant, and F the 

Fig. I. 



point least distant, from the centre of the magnetic chord; or 
the apocentric and pericentric points. 

Every plane section of the earth passing tlirougli the mag- 
netic chord is a magnetic meridian ; all of which are small 
circles except the first, JC H F iV, which passes through the apo- 
centric and pericentric points. A e B is a magnetic meridian, 
and e its point of intersection with the magnetic equator. The 
first meridian passes through the ends of the magnetic chord, 
the poles of the magnetic equator, and the apocentric and peri- 
centric points. When the chord has no eccentricity there is no 
first meridian determined by nature. 

Every plane passing through the axis of the magnetic equator 
is a magnetic vertical circle : every place has its own, and all 
are great circles. Were there no eccentricity in the magnetic 
axis, every magnetic meridian would be a magnetic vertical 
circle. 

The magnetic polar colure is a great circle passing through 
the poles of the earth and those of the magnetic equator. The 
diametral colure is a great circle passing through the poles of 
the earth and the apocentric and pericentric points. Thus in 
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tig. 2, ill which Pp are the poles of the earth, P N/? M is the 
polar colurc, and P the diametral colure. A B and a A are 


Fig. 2. 
P 





as in tig. 1 , and the great circle passing through them is the first 
magnetic meridian. Q Fll is the magnetic equator cutting the 
gia)graphical ecpiator M N in E, the pole of the polar coliire ; 
PB/; and PA/; are geograpliical meridians passing through 
the ends of the magnetic chord. 

If in fig. 1. L be a place on theearth^s surface of known geo- 
graphical position, Ly is its magnetic radius, or a line drawn 
troni the place to the centre of the magnetic chord ; L y c is its 
true magnetic latitude, or the angle formed by its magnetic ra- 
dius and the magnetic equator ; L y B is its true magnetic polar 
distance ; E y e is its true magnetic longitude, or the angle be- 
tween the magnetic meridian of L and the first magnetic meridian. 
BL^A being its magnetic meridian, a perpendicular Cc to the 
magnetic equator from C gives c the centre of the meridian, Cc 
its eccentricity, and Leits radius. Lcis then the eccentric 
magnetic latitude measured at c, the eccentric centre. 

In fig. 3. hLGiis a magnetic vertical circle through L, cutting 
the magnetic equator in Q C ; L R is the intersection of A L Q 
with the magnetic meridian of L ; the arc L Q is the apparent 
magnetic latitude of L intercepted on the vertical circle between 
L and the magnetic equator, or it is the angle L C Q ; E Q is 
the apparent magnetic longitude, or the arc of the magnetic 
equator intercepted between E, the apocentric point, and the 
vertical magnetic circle passing through L ; or it is the spheric 
angle E A L, or the plane angle E C Q. 
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the horizontal needle will make with the geograpliical meridian, 
and the needlefreely suspended (the dipping-needle, forexamplc) 
with the horizon of a place, are shown in the first six problems 
of this chapter. Problems 7 and 8 contain the deduction of the 
dip, variation, and force at any given point of the surface of a 
sphere which has two such magnetic axes, the geographical po- 
sitions of which are known, as well as the proportion between 
their absolute forces. The 9th and 10th problems show the 
method of deducing the proportion between the absolute forces of 
the axes, when the situation and length of the axes are known, 
and either the dip or the variation is observed. 

The expressions by which the values may be found of the 
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srv(‘r;il (juaiil ii ic*s treated of in these problems, collected in one 
view, are subjoined. 

In these e xpressions 

a = A a = Ji/> = tlie arc between the ends of the magnetic 
chord and the poles of the nuii^netic equator. 

b' = PA F = the angle between the first magnetic meridian 
and the polar colurc. 

6 = NER = F/>=: the angle between the geographic and 
magnetic ecjuators. 

^ =s M P A = the geographical longitude of the north pole 
of the magnetic equator. 

>j = L C c = the angle of the magnetic meridian with tlie 
InuT/on. 

IX z=z \j (I = Z E C Cl = the apparent magnetic latitude. 

y = K A L — tlu‘ apparent magnetic longitude. 

1^", y (' =: the true magnetic longitude. 

<)(P— n Ly li =: 1h(‘ true magnetic latitude, 
qo — r — t: e = the eccentric magnetic latitude. 

p == P L = the geographical colatitude. 

(f — M PL ^ the geographical longitude reckoned east 
ward. 

} r= d L (fig. 1.) = the oblique dip ; or the angle of the 
magnetic line of repose and the tangent to the mag- 
netic meridian. 

CO = r'/ L M (fig. 1 .) . 

j = ^ALP (fig. d.j the angle of the magnetic vertical 
circle, and the geographical meridian of L. 

R = L c = the radius of the magnetic meridian. 

M and M' ~ the alisolute forces of the two axes. 


M F = the forced at a given ^PF^= j the same([uan- 
D = variation i-jdace due t») D' — titics due to 

I = the dip J one axis. V = [ tlie otlier axis, 

e = the angle of the forces of the two axes. 


J) = the variation 
/ = the dip 
K = the force 


due to the compound action of the two 
axes. 


Formulce. 

J . sin iJt. = cos s . sin p + sin s . cosp . cos (7 — ^). 

2. cot (v -)- b) =: cos £ . cot (7 — ?) — sill 5 . tan p . cosec (7*-?)* 

cot A =: cot s . cosec (7 — ?) . cos p — sin p . cot (7 — ?). 

^ ^ ^ «bi a 

1 . cot ^ “ -f cot V. 

cos jx . sm V 

5. R ~ 1 -f sin' a 2 sin a . cos // . cos v 

18 . 3 '). (. 
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cos >) = sill a , sin 


cot <JQ = 


__ (A -I- B cos 2 // + C cos 4 n + . . .) sin 2 )_ Z 


A' -f B' cos 2 // 4“ cos 4 4- . . 


F = Z . cos CO 4- wN . sill = Z . see to = N cost'c c/j. 
sin/= tan . cot>j. 

, tan^i»* = tan ? . cos >j. 
sin I = sin i . sin vj. 

D = ij - (/ +^ir). 

coseo c = sill I . sin 1' + cos I .cos I' .cos (D — IV). 
A' = V' M^F^ XM'T')""~+ i-’ M M' F cos c. 

. , MF . siiil + . M'F . siiilf 


(Formula 9). A, B, C, &c., and A', IV, C', &c., are coeflicients sup])liL‘{l 
1 ., ^..11 .»..i ... ■•'ngn'-tic radius 


by the following table, according to dillercnt values of - 


magnetic axis 


Q. If Q is the coelHcient of the 4 axis of the magnet to r the earth’s ni> 


dins, then is L -/ = r R == Q R . /3 y ; therefore 


. = QR. 


9 = 2 2 m li 


8 9 10 


0, 0,0 0,0 0,0 0,00 0,00 0,00 jo, 00 0,00 10,000 

A=: 10738 51527 29012 11971 1 00768 .15018 21999 147ieil032y'75216 
B= 529210178 0308 11002 4738 1895 874 448 248 1401 

C= 1230 2410 653 819 170 49 17 17 3 14 

D=r 287 300 07 49 6 1 

K= 03 52 7 3 


03855 18190 10101 040988 20019 11820 07402 04941 03461|25188 

10909 52845 29047 121454 01374 35269 221 ) 8 14770 10359 75120 I 

26.33 8153 3184 7357 2382 951 438 224 124 733 | 

609 1208 328 426 88 19 0 2 1 5 S 

140 179 .34 25 3 1 I 


Denominator, j Numerator* 
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1 r. . M P . COS I 

J 9. cot o = TTVi f,7 ~f — . — r^rr + cot (D — D') . 

M' F . cos I . sin (D — D^) ^ ^ 

20. /} = D - o. 


The 7th chapter is occupied in an endeavour to assign more ex- 
actly the situation of the niiignctic poles, the length of the mag- 
netic axes, and their relative force in M. Hansteen’s hypothesis. 

Reverting to the four points of convergence found in the drd 
chapter, M. Hansteen shows that tliey are not identical with 
the situations of tlie ends of the magnetic chords. They would 
be so if til e three following conditions were fulfilled, viz. 1st, 
If the earth had but one magnetic axis ; 2nd, If the horizontal 
needle were always in the magnetic meridian ; 3rd, If the mag- 
netic meridians were all great circles. Unless these three con- 
ditions are fulfilled, the points of convergence must differ more 
or less from those points wdicre the magnetic axis prolonged 
meets the earth’s surface. 

In the case of a single ecc€7itnc magnetic axis, the point of 
convergence belonging to eacli pole will fall in the first meridian 
betwTen the extremity of the prolonged axis and the pericentric 
point. In the case of two such axes, the points of convergence 
will differ still more from the extremities of the chords : and the 
amount of difference will depend on the positions and propor- 
tionate forces of the axes. If the points of convergence are 
derived from observations made in the vicinity of the poles of 
the stronger axis, the deduction of the geographical situation of 
the magnetic chord may be made with the less uncertainty, be- 
cause the intensity of that pole will predominate considerably 
over the influence of the weaker axis ; but that axis will still 
have a sensible disturbing influence if, as is probable, the length 
of the ^ axis of the magnet is less than half that of the earth’s 
radius. 

M. Hansteen here remarks that the study of the pliauiomcna 
thus far has placed beyond question their entire inconsistency 
with a single magnetic axis ; that it has further manifested their 
general accordance with such an arrangement of the lines of dip, 
\uriation, and intensity as would follow on an hypothesis of two 
magnetic axes ; but it has given as yet no precise knowledge 
of any of the particulars of these axes except their number. 
Their exact situation, their length, and other dimensions, as 
well as the propcirtion of their forces, yet remain to be de- 
duced. ^ Their length is determinable were their situation and 
relative force exactly known. Their relative force would be 
deducible did we know their position and their length. But 
the preliminary determination of their situation is by no means 
xasv to be accomplislied. There are no less than eleven impcr- 

r; 2 
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tectly known values, each of which infliunjccs the direct ion of the 
needle ; and in the present still imperfect state of our’knowledgc 
ot the plnenomeiui themselves, it does not appear possible to 
delermine y>m7‘,s'c/(/ how great is the influence due to each. It is 
possil)Ie, however, to assign approximate values ; and by com- 
[laring the results computed with these with the observed plue- 
iioniena continually to approximate within narrower limits. It 
is true that a final determination must await more exact and mul- 
tiplied observations ; but those which have been already obtained 
are suilicient to show that the three pha'nomena of variation, 
dip, and intensity, observed indiscriminately o\ er the whole sur- 
face of the globe, do admit of a very approximate representation, 
on the supposition of two magnetic axes, with such values as 
may at present lie assigned. 

To obtain such approximate values, the points of convergence 
found for the year 1/7^ were in the first instance assumed as 
the ends of the magnetic chords. Combining these with the 
dip observed in Hudson’s Hay by Hutchins, and in Petersburg 
by Kraft, it appeared, after repeated trials, in which the length 
of the magnetic axis was taken successively as i, &c., to 
of the earth’s axis, that were the positions of the points of con- 
vergence those of the cuds of the magnetic chords, the propor- 
tion ofjV earth’s axis for that of the magnet would best 

accord with the dips observed in high magnetic latitudes : and 
as the result of calculations made with an axis so small in pro- 
portion as scarcely differs in the majority of instances from 
those made with an infinitely small axis, and as the latter suj)- 
position is the more eonvenient in calculation, it was thought 
])rcferable to assume it, until more correct places could be tle- 
duced for the ends of the magnetic chords. The values of a, 
6, &c. were then dcdiic(‘d for both axes, as well as the peri- 

centric point and poles of the magnetie eipiator for each axis. 
The geographical situation was then calculated of the two points 
where the magnetie equators w-ould intersect each other ; these 
points w^ould necessarily be opposite points on the globe ; and 
at them it is obvious that the dip, whether influenced by one or 
other axis, slujuld be 0 : coiisecpiently, without refereiiee to the 
dimensions, the relative forces, or the eccentricity of the axes, 
and provided only tliat tlie mathematical and niagnctieal centres 
of each axis respectively are the same, there should he on the 
globe two points ])recisely opposite to each other where the dip 
should be 0 : and two such points should accordingly be found 
on the observed line of no dip. Now if we refer to the map 
of the dip for 17 ^ 0 , we find that there are two points in the line 
of no dip opposite to each other on the earth’s surface, viz. hi 
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4"^ 20' N. and S. latitude, and in 14^^ and 1 94'' E. longitude. Cal- 
culated from the hypothetical elements above statecl, they should 
be in 3” 55 N. and S. latitude, and in 5iV and in ISO® 50' E. 
longitude. The differences 0'' 25' of latitude and 7"^ 4' of lon- 
gitude show that the errors of the elements of calculation are 
not very great even on the first approximation. We may here 
perceive the particular value which would attacli to careful ob- 
servations in the line of no dip in the vicinity of these two 
geographical positions ; in the means afforded of correcting the 
riitliation of the poles of the magnetic ecpiators. 

M, Ilansteen next proceeds to deduce more correctly the si- 
tuation of the terminations of tlu^ magnetic chords, and to sub- 
stitute these for the points of convergence hitherto employed 
instead of them. To explain this, let E B F A (fig. 1.) be a section 
of the earth in the plane of the first magnetic meridian, having an 
infinitely small magnet in y, of which C y measures the eccentri- 
city ; A J5 is the prolongation of the magnetic axis or the mag- 
netic chord ; ah a diameter parallel to it; and >*r' points whi'ia' 
the magnetic line of repose is perpendicular to the surface, or 
where tlie dip is If the earth had but one magnetic axis, 

and that eccentric, the two points of the dip 90 ' would fall in 
the first magnetic meridian, each between the termination of 
the magnetic chord and the pericentric jioint F. Now it may 
easily be shown that when the eccentricity is sufficiently small 
to admit of the sine of the arc being taken for the are itself, 
B A = Aa = hr = a ; or that the distance of the points 
where the dip is 90' from the poles of the magnetic eejuator is 
ecpial to three times the eccentricity. If now we imagine the ar- 
rows to represent the directions of the needle freely suspended, 
and further imagine the arrows to be brought down to a hori- 
zontal direction, as in the case of the compass needle by weight- 
ing the upper end, all the arrows between /> and r will point in 
the direction h r, and all those betw'cen r and F in the direction 
F r ; and in like manner the arrows between F and r' udll point 
(though with the other end) in the direction F and those be- 
tween y-' and a in the direction a ; consc(|ucntly the points of 
dip 90° (or r ?^) will be also the points of convergence of tin* 
horizontal needle : and the arc a which measures the distance 
between the poles of the magnetic chord and the poles of the 
magnetic ecpiator should be the arc h B or a A, and not the arc 
hr or r//’', which have been hitherto used for a. 

On the supposition of a single magnetic axis then the proper 
value of « could be easily derived from tlie value hitherto employed, 
of which it would be just one third, Bui the points of conver* 
'gence obtained in the third chapter were not the points due tc? 
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the infliu'iKT of ;i single axis alone : alllu)ugh derived from ob- 
servations made very near to the respeetive points, still the ob- 

¥\<r. I. 



servations were not entirely free, particularly in the vicinity of 
the points of the weaker axis, from the influence of the more 
distant axis. To obtain the points of convergence which should 
be due to each axis separately, M. Hansteen proceeded as fol- 
lows : he selected certain of the most suitable observations of 
variation from which the situation of the points of convergence 
in the neighbourhood of the poles of the stronger axis were de- 
termined, and computed the disturbing influence on them of the 
weaker axis, employing for that purpose the approximate ele- 
ments of the M^aker axis as already stated (except that u was 
taken at one third its former value), and assuming the proportion 
of the absolute forces of the axes to be as 2 to 1. The direction 
of the needle that would be due to the influence of the stronger 
axis alone was thus obtained, and the intersections anew of the 
variations thus corrected gave fresh points of convergence, 
which if the elements of the weaker axis employed in the cal- 
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c'ulation wcmt [)('rfcct, would be the eorrecl pojsitions of tlie 
points of coiivergeiiee due to the stronger axis. The position 
of that axis being in this maimer approximatively gained, its 
corrected situation was employed, in conjunction with the varia- 
tions observed near the poles of the weaker axis, in giving fresh 
points of convergence for that axis ; the new position of which 
axis was in its turn again employed in recorrecting the variations 
observed near the stronger poles, and in producing a still nearer 
approximation to the position of the stronger axis. This alter- 
nating process Avas continued until the two last-found results ex- 
hibited no material difference. 

The a])proximate places of the extremities of the magnetic 
chords having been thus found and substituted for the points of 
convc'rgence, and the values previously calculated of e, ?, e, &c. 
deduced afresh, M. Hanstcen reverted to the observations of 
dip in the high magnetic latitudes, from which he had previously 
derived values for the length and proportionate forces of the mag- 
netic axes, and selecting several of the most trustworthy of these 
observations, after various trials, he found that the observations 
u ere best represented when the length of each of the axes was 
taken at one third of the earth’s axis, and the ratio of the forces 
as 1-7724 to 1. 

With an axis of this length the points of 90^ dip and of con- 
vergence of the horizontal needle would be nearer the end of 
th(' magnetic chord than in tlic case of an infinitely small axis ; 
and by trial it was found that a = O' ll h r suited best. Other 
small corrections, Avhich were pointed out by the comparison of 
the calculation and observations, were also introduced in several 
of the elements. 

Having reached this stage M. Hanstcen considered thiit the 
elements were sufficiently corrected to admit of a more exten- 
sive comparison. He formed, therefore, a table of the most trust- 
worthy observations of dip, variation, and intensity, made between 
1787 and 1800, at eighty-four places, taken indiscriminately on 
the earth’s surface, and divided into three jiortions, magnetic 
north polar, south polar, and equatorial. With the observations in 
this table, the dip, variation, and intensity computed for each of 
the eighty-four stations were compared, by which still furtber 
but very small corrections were introduced in the elements. 
14ie principal elements for computing the magnetic phienomena 
thus corrected are as follow ; 


Stronger Axis. Weaker Axl^. 

« = 8^ l.T 5^ 80' 

£= 29 0 28 28 

? = 291 51 95 58 E. of Greenwich, 

V =. 12[) 19 4fi 40 
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ihc inat^nclic axes being each one third of the length of the 
cartli's axis, or Q = d ; and the ratio of tlie forces 1*77-4 to 1. 

In comparing the plurnoniena as calculated hy the aid of the 
above ([uantities anil as observed in the eighty-four tabulati'd 
stations, it is seen, 1st, with regard to the A^ariation, — that except 
at places in the immediate vicinity of the magnetic poles no dis- 
cordance exists greater than about 5'^. 2nd, In regard to the 
Dip, that the dilTerences are generally inconsiderable, and mostly 
under 5°, except in a strip of the Atlantic extending from IVne- 
riiVe in a south-west direction to about 14"' N. latitude and did M. 
longitude, and in a strip of the Indian Ocean extending from 
the Straits of Babehnandel to the Indian Peninsula. In the At- 
lantic strip the calculated north dips are from 10° to 1 1 too 
small, and in the strip in the Indian Ocean the calculated north 
dips are about 10® or 12° too great, and the south dips as much 
too small, drd. In regard to the Intensities, the observed and 
calculated agree well, except in the aforesaid strip of the Atlan- 
tic, where the force as well as the dip is made too small by 
cjilculation ; manifesting that the elements still require some 
Cf)rrection, which they will best receive when niori* ol>serva- 
tions arc obtained near the magnetic poles and along the line 
of no dip. 

The eighty-four stations which have ser\ed for the above 
comparison extend over the most important parts of the I'arth’s 
surface, both near the magnetic poles and the magnetic equator, 
and it is not probable that greater differences between the eal 
culated and observed variations and dips w ill be found anyw here 
than those wdiich ap|)ear in the table. 

jM. Hansteen reinarks in conclusion that most of the differ- 
ences would diminish, if not wholly disappear, by increasing the 
angle f, which the equatorial planes of the two magnetic axes 
form udth the geographical equator. By increasing the angle e 
for the stronger axis the northerly dip in the northern ])art of 
the Atlantic, and the southerly dip in the Indian Ocean would 
increase, and the northerly dip consequently decrease between 
the Red Sea and India. Further, the westerly variation in 
Musketto Cove and in the Indian Ocean, near the Capi' of 
Good Hope, and the easterly variation between Van DiemcjPs 
Land and JVew Zealand would increase. By incri'asing the 
angle s for the wTaker axis, the northerly dip in Petershurgli, 
Siberia, and Kamschatka, and the southerly dip near Terra del 
Fuego would increase; and the westerly variation in Petershurgli 
and at the North Cape, and the easterly variation in Ktuns- 
ehatka would decrease, whilst the easterly variation near Terra 
del Fuego wmuld increase. It is also prohabli' tli.at this altera- 
tion would increase the calculated intensities in the Nm-therii 
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Athuitic. Tlicsc arc the parts of the globe where the principal 
(lirterences take place between the calculated and the observed 
pinenoniena ; but as the approximation has already been pushed 
snihcicntly far to sanction the hypothesis, it is deemed unne- 
cessary, and would probably be eventually time thrown away, 
to press to a nearer accordance, until the situation of the four 
points of c(mvergencc cm the globe has been ascertained, with 
greater precision, by direct observation. 

Since the publication of the Magne/isvuts der ErdeM^, Ilan- 
sleen has been engaged in personally determining the lines 
of dip, variation, and intensity, in the North of Europe, and 
throughout the. Asiatic dominions of Russia. It is understood 
that he proposes to collect and embody, with the account of his 
own observations w'hich he is preparing, all that has been ac- 
com])lished by others since the early part of tl\e present century ; 
and thus to complete, in a second volume, the history of all that 
has been hitherto made known ])y observation concerning ter- 
restrial magnetism. I have deemed it the more proper course, 
as u’cll as that best fitted eventually to advance the in(|uiry, to 
aw ait this publication from M. Hansteen, rather than to attempt, 
in this year’s Report and with the materials which I now pos- 
sess, or winch are immediately accessible, the continuation of 
the condensed view wiiich, by the aid of M. Hansteen’s first 
volume, I have endeavoured to give of the results of observation 
in the two preceding centuries. The knowiedge of the facts, 
conveyed by a suitably arranged view of what observation has 
made know n, is a proper preliminary to an examination of the hy- 
potheses proposed either to eonneet or to explain the plienomena. 

It is a remarkable coincidence, and one of considerable im- 
portance tow^ards a correct systematic knowledge of terrestrial 
magnetism, that at the same epocli at w hich the vicinity of the 
Siberian point of convergence has been visited by an observer 
of M. Ilanstccn’s experience, furnished w ith tlie most perfect in- 
struments, the other influential point in the northern hemisphere, 
in the North of America, has been also approached in various 
directions by the British officers employed in North-west disco- 
very : and thus the position of the lilies of dip, variation, and 
intensity in those two most interesting localities have been al- 
most simultaneously ascertained, with an exactness heretofore 
unequalled. Those who have engaged in the. endeavour to re- 
duce to a common epoch observations made at intervals of tiiiic 
apart, can best appreciate how^ much of otherwise inevitable un- 
certainty is removed, when materials which should be rendered 
strictly relative to each other for the purpose of combination, 
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correspond in date. It is known that the north dip is at present 
diminishing in this part of tlie world about .3 minutes annually, 
and that it has not differed materially from that rate of diminu- 
tion for several years p:tst : hut from a comparison of observa- 
tions we learn, that in the Gulf of Guinea the annual diminution 
is little less than ten minutes, if it does not exceed that amount ; 
whilst in the China Seas between the years 1/00 and U^^O the 
north (lip, on the contrary, increased, and at an average annual 
rate which could scarcely have fallen short of fifteen minutes, or 
a (juarter of a degree a year. Our knou ledge as yet is very far 
from being sufficient to enable us to render justly compara(i\'e 
the observations of different t ears, except in a very few parls 
of the globe. 

In the iiortlieni hemisphere we probably Jiow possess the rc'- 
([uisite materials for describing the magnetic curves, from obser- 
vations greatly to be relied on, and so nearly contemporaneous 
as to occasion but little ('rror in reduction. But it is far otlicr- 
Misc in the southern hemisphere, particularly in what arc usually 
called the high magnetic latitudes, and wlicre an accpiainlance 
with the facts would be of principal value towards a knowhxlgc 
of the system of Terrestrial Magnetism. The enterprise of our 
merchant seamen has shown that these latitudes are far more 
accessible, in certain meridians at least, than had been previously 
supposed. The magnetic ol)scrvations of tlu^ voyages of Weddell 
and Biscoc have been confined to those of the variation; these 
fully confirm M. flaiisteen’s position of the general westward 
movement of the lines of ecpial variation, in the southern hemi- 
sphere. But it is in the meridians left untouched by those 
vessels, — in tliose which include and are adjacent to those mag- 
jietic foci in the southern hemisphere, which M. Hanstcen has 
called points of convergence, that observations would he chiefly 
useful; and observathms confined to the variation, hut including 
also the dip, and intensity of the force. The ice itself, or such 
lands as might be discovered by a vessel coasting the southern ice 
between the meridians of 80° E. and 2r)0° E., would furnish the 
reejuisite localities for the observations of the three pluenomena ; 
and would supply what is wanting to complete a map exhibiting 
the arrangement, corresponding to a definite epoch, of tlie curves 
of ecjual (lip, variation, and intensity, over the whole surface of 
our globe. 
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/Icpoi'l on the ('omparntive Aleusnreinent of the Aberdeen 

•Standard Seale, lip Fhaxcis Baily, Treas. Iloijul So- 

eietp, ty'c. 

Agreeably to the request of the British Association I 
have compared the Aberdeen standard . scale with tlic standard 
scale of tlie Royal Astronomical Society : but^ as in a matter 
of this nicety and importance I did not wish the results to 
depend on my OAvn comparisons only, I obtained the assistance 
of Mr. Bryan Donkin, Lieut. M. Johnson, Mr. Thomas Joues^ 
and Mr. William Simms, all conversant with and much versed 
in micrometrical measurements, and who kindly lent me every 
assistance in their power. 

The centre yard of the Aberdeen scale was chosen as the ob- 
ject of comparison with the centre yard of the Royal Astrono- 
mical Society’s scale ; that being the portion of the latter scale 
wliich had been directly compared with the Imperial standard 
yard prior to its loss by fire, at the destruction of the two 
houses of Parliament in November last. The following are the 
results of 56 comparisons made by the several parties above 
mentioned, and estimated in divisions of the micrometer mi- 
croscopes (each division denoting inch,) and show' 

the number of such divisions by which the centre yard of the 
Royal Astronomical Society’s standard scale exceeds the centre 
yard of the Aberdeen scale. 


1835. 

No. of 
Comp. 

Divisions of 
Mier. 

Temp. 

Observers. 

Feb. lb. 

vS 

20*50 

48*0 

Baily. 

— 18. 

8 

27*74 

46-1 

Dunkin. 

— 

10 

29-16 

48*9 

Donkin and J olmson. 

— 19. 

8 

27-00 

45*8 

J ones. 

— . 20. 

8 

27-65 

45*3 

Simms. 

— 

8 

26-93 

40*2 

Baily. j 

Moan = j 

50 

27*71 

40*9 j 

1 

1 

! 
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Jiy which it appears that, from the mean of 56 comparisons, 
the centre }'ar(l of the Aberdeen scale is •OOl.hSf) inch (or 
about ;,jjj of an inch) shorter than the centre yard of the Roj al 
Astronomical Society’s scale, at the temperature of about I/ ' 
Fahrenheit’s thermometer. 

I have also myself made ItJ direct comparisons of the whole 
leiii^^th of the same scales, namely 5 feet; and have obtained the 
followiiiiij results, viz. 



No. of 
Comp. 

Divisions of 
Micr. 

Temp. 

()l)server. 

July 
— ‘ 121. 

8 

i « 

1 

o 

7 l*(» 
72-7 

j Biiily. 

rrr 

i 

1 Hi 

1 


7o*l) 

1 


By which it appears that, from the mean of the lb compari- 
sons, the whole measure of the 5 feet Aberdeen scale is •()()! 1)7 1 
inch (or about of an inch) shorter than the whole 5 feet of 
the Royal Astronomical Society’s seali‘, at the temperature of 
7J’*b of Fahrenheit. 

I bei^ to add that tlie Aberdeen scale is in very i;’ood (‘ondi- 
tion, and in excellent preservation : it appears to have been 
exceedingly well iinished, and is by far the best of any that 1 
have seen of ilr. Trough ton’s execution. And although the 
above results sIkav a greater discordance from tlie correct mea- 
sures than is desirable, yet as perfect accordance is seldom or 
never attainable, no inconvenience can arise from this circum - 
stance, now the amount of the error is ascertained, and will 
consc(|uently be known to tlnjse parties who may, at any future 
time, have occasion to make use of this scale. 

Independent of the value of these experiments in thus deter- 
iiiiiiing the comparative length of the Aberdeen scale, they are 
important in a general point of view, in as much as, coupled 
with others that 1 have made with a similar object, they evi- 
dently show that the too prevalent notion that standard scales, 
made from one and the same prototype agreeiibly to Mr. 
Troughton’s method, would accord with each other,” is not 
strictly correct. Indeed, it is now too evident (as 1 shall at 
some future time show more in detail) that a great number of 
minute, yet important, circumstances have hitherto been neg- 
lected in the formation of such scales ; and without an attention 
to which, they cannot be expected to a(*cord with that degree 
of accuracy which the present state of science demands. 



Impact vpnn licams. By Eaton IIodgkinson. 


The object of tlie present paper is an inquiry into some of the 
elVects of impact upon beams when struck by bodies of diflferent 
weight, hardness^ and elastic force; and to compare theory with, 
and endeavour to adapt it better to, the results of experiment. 
Th(^ paper is a continuation of some experimental researches on 
the collision of imperfectly elastic bodies, which were published 
in the Fourtli Itcpart of the Association ; and it is intended to 
contain proofs of the principal statements made in a short com- 
munication read at the Cambridge Meeting. 

The [ireliminary conclusions, and some calculations with their 
n^bults, will first be given ; and afterwards the experiments, to 
which constant reference will be made for proofs and illustra- 
tions. 

With the castings and every assistance in making the experi- 
ments 1 have been supplied, as on former occasions, through 
the liberality of Mr. Fairbairn, engineer, of Manchester. 

Conclusions from Experiments, &c. 

Conclusion 1. — If different bodies of equal Avcight, but differ- 
ing coiisiderably in hardness and elastic force, be made to strike 
horizontally with tlic same velocity against the middle of a 
heavy beam supported at its ends, all the bodies will recoil 
with velocities equal to one another. 

This is shown by the experiments on the 3rd beam, in which 
two balls 8 1 lbs, each, one of lead and the other of cast iron, 
suspended as pendulums, were made to fall through equal arcs 
against the middle of the beam, 13J lbs. weight between the 
supports; and the recoil of the leaden ball was nearly the same 
as that of the iron ball, though the hardness and elasticity of 
the two balls were widely different. This equality of recoil in 
the two balls was likewise shown to exist whether both fell 
through a small or large arc. 

To vary the weight and ([uality of the balls, tvvo were used, 
half the weight of the former, 4^ lbs. each, one of lead and the 
other of bell-metal. In these, as before, when both were let 
fall through ccpial arcs, whether great or small, the recoil of one 
ball was nearly equal to that of the other. 

To vary further the experiment on this beam, three balls wert* 
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used, about of the weight of the first, 9 oz. 7 drs. eaeli, one 
of lead, one of bell-metal, and the other of hardened steel. The 
recoils from equal impacts in ail these, though very anomalous, 
tended toward equality as before. 

The beam here used was of steel, but that did not affect tlie 
results ; for the same equality in the recoils will be found in the 
experiments on the 2nd beam, which was of cast iron. 

Conclusion 2. — If, as before, a beam supported at its ends be 
struck horizontally by bodies of the same weight, but different 
hardness and elastic force, the deflection of the beam will be 
the same whichever body be used. 

This conclusion is proved by the experiments upon the 2nd 
and 3rd beam, ajnd with the same generality as in the former 
case. In those on the 3rd beam two balls 8^ ll)s. each, one of 
lead and the other of east iron, were made to strike the beam 
with velocities varying from 1 to 5 ; and the deflections from 
equal impacts by the two balls are as below : 


Velocity of 
Impact. 

I ... 

o 


a 

T) 


Deflection from 
Lcuilen Ball. 

. .. 12 ... 
. . . -82 . . , 
. .. 1*28 
. .. l OG ... 
... 212 ... 


Deflection from 
Iron Bull. 

... 42 

... *88 
... 1‘2(; 

... I'G!) 

... 211 


In tbe impacts with tlie 4^ lbs. balls of lead and bcil-nictal, 
the deflections from equal impacts, and varying in velocity from 
1 to 6, arc as below, and nearly equal : 


Velocity. 

1 .. 

2 

4 .. 
0 .. 


Defl<'ction from 
Leaden Ball. 
... -20 ... 
. . . -GO . . . 
... M2 ... 




Deflection from 
liell-metal Ball. 

... ai 

. . . :G2 

... 112 


1-G5 


The same ecjuality is shown too, though with greater anoma- 
lies than above, in the deflections from impacts with the balls 
of lead, boll-metal, and hardened steel, 9 oz. 7 drs. each. 

Conclusions. — ^The quantity of recoil in a body, after striking 
against a beam as above, is nearly equal to (though somewhat 
below ) w'hat w’ould arise from the full varying pressure of a per- 
fectly elastic beam as it recovered its form after deflection. 

The fact in this Conclusion was sought for, because it seemed 
doubtful whether a bent beam would straighten itself with any 
nearer approach to the velocity arising from perfect elasticity 
than that given by the defective elasticity of the material of 
wliich it is made. Thus, two solid bodies of cast iron struck 
against each other recoil with only of their velocity of im- 
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pact, as appears from oiir experiments on the collision of im- 
perfectly elastic bodies ( Fourth lleport of the Association), But 
a cast iron beam throws back a ball with a velocity nmch more 
nearly approaching to w'hat would arise from perfect elasticity. 
This will be seen by comparing the observed results with the 
calculated ones in the experiments upon the 1st and 2nd beams, 
the calculated results being obtained from problem 1 following, 
where the beam is assumed to be perfectly elastic. 

Conclusion 4. — ThceflFect of bodiesof different natures striking 
against a hard flexible beam seems to be independent of the 
elasticities of the bodies, and may be calculated, with trifling 
error, on a supposition that they are inelastic. 

If the calculation be formed on a supposition that the time of 
the collision, in the first approach of the impinging body, is 
small compared with the time of deflection of the beam, and that 
the beam and striking body both proceed together afterwards as 
one mass (as is done in our follow'ing problems) ; the calculated 
deflections are somewhat greater than the observed ones, the dif - 
ference sometimes amounting to one fifth or one eighth, as will 
be seen frou» the experiments on the 1st, 2nd, and .kd beams. 
But the observed deflections in our experiments, excepting, per- 
haps, those on the ;5rd beam, must be rather too small, arising 
from the resistance of the clay, into which a peg used for mea- 
suring the deflections was driven by the impacts. 

This fourth Conclusion must only be admitted when there is 
nothing struck upon but the beam. When there is any other 
heavy body intervening between the striking body and the beam, 
touching the latter, and which must be struck before the beam 
can be dofleeted, then the elasticities of tlie concurring bodies 
exhibit their influence, and the result is greater than that ob- 
tained by calculation as above. This might be expected ; and 
it is shown by the experiments on the 4th beam. 

Dr. Young, in \\\^ Natural Philosophj/^ and !Mr. Tredgold, in 
his Treatise on the Strength of Cast Iron, reason on fins sub- 
ject as if the striking body were inelastic, and wc Jiave here 
shown that this may be assumed, whatever the hardness and 
elasli(nty of the striking body may be*; or, proba1)ly, its weight 
with respect to that of the beam. 


* Of tills curious fact the Author would beg to suggest tlie following ns a 
possible explanation. In the first moment of the impact upon the middle of 
the beam, each half of it, if its ends were not fastened, would have a tendency 
to turn round its centre of oscillation, or a point two thirds of the distance from 
the middle to the end, which is seen in experiment by the ends springing up 
after a blow, lint it is probable that, besides lids, the wliole beam is thrown 
l)y the blow into a state of nodal vibrations, like as in a musical chord; theie 
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In tlie rlahorati' paper on the ‘‘ Measure of Moviniif Force/' 
l)y Mr. Ewart, {J/(/?fr/frs/(r Me/j/o/rs, yo\. ii., sef'omt srri(\s\) 
there are, ainon<»- other important matters, some ingenious in- 
([iiiries respecting impact ami the force of springs. These, liow- 
e^'er, do not appear to he easily applicable to our present sub- 
ject generally ; and the clay used by Mr. Ewart, in his experi- 
ments with pendulous balls, was the resisting medium, while in 
our case it was emploj'Cd only to indicate the deflections. 

Conclusion 5. — The power of a uniform beam to resist a blow 
given horizontally is the same in whatever part it is struck. 

From the experiments on the 5th, Oth, and 7t)i beams, it ap- 
pears that the beams, when supported at the ends, re([uired the 
same blow to ])reak them, whether they were struck in tlu' 
middle, or half-wai}' betw’een that and one support. From a 
future investigation, too, it appears that the same is the case 
w'herever the beam is struck. 

Conclusion 6. — The pow er of a heavy uniform beam to resist 
a horizontal impact is to the pow'er of a very light one as 
half the w’eight of the beam, added to the weight of tlu^ striking 
body, is to the w'cight of the striking body alone. 

This is shown by Cor. 1. Prob. 2; for, from Cor. 2, tin* in- 
ertia appears to be half the w'eight of the beam ; and the greater 
resistance of a large mass than of a small one may be inferred 
from the experiments on beam 4, and others. 

Conclusion 7« — The pow er of a uniform beam to resist frac- 
tur(* from a light body falling upon it (the strength and flexi- 
bility of the beam being the same,) is greater as its wx'ight in- 
creases, and greatest wdicn tlie weight of half the beam, added 


Q_. 


being one, two, or more nodes on cacli side of the middle. This will be un- 
derstood from the adjoining 
figure, which represents the 
beam, when bent by an im- 
pact from the ball A, and the 
small excursions of the parts 
between the nodes. The time of a vibration of one of these parts is very small 
compared with the time of a vibration of the whole beam. Chladni has shown 
that if a uniform rod have its ends supported and be put into a state of double 
vibration as above, the number of nodes being there will he (w -f 1)'^ of these 
secondary vibrations for one whole vibration of tlie rod (Hiot, Traiti'' da Physique^ 
tom. ii./p. Hence, after the first concussion of a ball upon a heavy 

beam, the ball and beam in proceeding together are not constantly in contact, 
or in a state of equal pressure if they are. Their connexion appears to be a 
series of small impacts, or of approaches and retreats, the intervals between 
each of which are the time of one of these secondary vibrations. And during 
these intervals it is presumed that the compressed surfaces of the hall and beam 
recover themselves after the first concussion, leaving the effect the same whether 
the hall be elastic or not. 
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to that of the striking* body, is nearly equal to one third of the 
wei^lit whicli would break the beam by pressure. 

This is shown to be the case in Corollary to Problem 4 ; and 
in the impacts upon bodies suspended by wires (see remarks 
after our experiments upon them further on.) the maximum re- 
sults differ only from the conclusions of that Problem in ^(iving 
the weight of the body struck a little higher. In this /th Con- 
clusion, the weight of the striking body is assumed to be less 
than oqe third of what would break the beam by pressure. 


Other conclusions will be deduced from the problems and 
theorems which follow, and which arc introduced, mostly, to 
compare their results with those of experiment. 

Prob, 1. If a ball, or other body, be suspended like a pendu- 
lum, and made to strike horizontally, at its lowest point, against 
the middle of a beam, A B, supported at the ends : to find the 
(puintity of recoil of the ball, and the time of straightening of 
the beam. 

We shall hei*e suppose, as ^ c _n 

nuuitioni'd before, that the beam A 

and ball have moved together Li " o Li 

as one mass from the time of 

the first contact to that of separation, when the beam has re- 
covered its •original form A C B. 

Let C D, tlie whole deflection of the beam caused by the im- 
pact, = /y, any distance D E in the recoil = the correspond- 
ing velocity = i’, the time = /, the inertia of the beam = t, 
the freight of the ball = the chord of tlu^ arc ascended by 
the ball = c, the radius or length of the pendulum = /, the 
force of gravity = And let p be a pressure which, applied 
in the nduldle of the beam, would bend it through a distance c. 

Then - = pressure of the beam at E. 

And since w -f r is the nuiss moved, 

^ ^ = the accelerating force. 

But by mechanics, 

d V _ g p {h — x) 

" d X V {w -j- /•) 

Integrating, 


= the accelerating force. 


1833. 
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when J' = />, 

,.■2 ^ = J, . = the 

e {w + ^0 V e {w + r) 

greatest velocity of recoil of the ball. 

To find the value of the chord c. We have, from tlie nature of 

.2 

the circle, = the versed sine, or height ascended. Whence 

the velocity due to that height is r ^ . 

Putting this for v gives 

../f =/>./ - . 

V / V C [xv 4 r) 

Whence 

r = A 4 / —j-P = the chord of the arc 

V c {w 4- r) 

through wliich the ball would recoil if the 
beam were perfectly elastic. 

To find the time of straightening the beam. Since, from 
above, 

2 e [w T /•) 

r = - — .r®). 

V c(?c-fr) ^ ^ 


And since d ^ we have 

7' 


whence 


/c {w 4- r) dx 

V ".g/7 • >/(26.r 

^ /e{w r) ( . x\ 

' = V “T5r~-"'v"*"’=T)' 


And when x = A, 

t = * 

V g7> 


X i-:>7079. 


The time is therefore constant, when w + r and — are con- 

slant, whatever the deflection may l)e ; which is analogous to 
the case of a vibrating chord. 
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. Frobleiii 2. To tiiid tlu* dcficction of the jjcain ansMcrint^ to 
a G^iven horizontal iiuijact, and the time of its duration. 

I^lt e' =: the chord of the are through whieli the ball fell, 
= the velocity of inipad, /* = the height fallen through, and 
the rest as beddre. 

Since from the last problem, ~ t!ie velocity 

M'hicli the be am M ould generate, in the hall and itself, M’liiie re- 
covering its form, this ([uantity u ill represent th(‘ velocity de- 
stroyed in both in bending the beam through the same distance A. 
Multiplying, tlierefore, the above by /e 4- r gives 






(/e 4 


rl 


= the momentum destroyed. 


But v' w 
e(jual, 


Mlieiu‘1 


the momentinn of the impact. And since these arc 


/■' ft' = h ( ir -I- 




/ 


c iir 


f'} 


h = 




\ g7> [w 4- /•) 

But c' = //, from liie prop(‘rti(‘s of falling '])odi(‘s. 

J) zr: w \ / - . 

V p[fr 4 /•' 

And sinci' // :=r 

V /> / [ir 4- r] 

From the three last ecpuitions m’c have the dellectioii in terms 
ol the velocity of llic impact, the height, and the chord of the 
arc fallen through, the beam and ball being the same. 

For the time, or tlie duration of an impact. — The time of dc- 
ilecting the beam, througli any distance A, must be equal to the 
time of returning through the same distance ; the beam being 
supposed perfeediy elastic. And since the time of return M as 

found, by the last problem, to be Fj/O/l) x \ / ---1, 

V gp 

therefore taviee this quantity or 3‘141.')9 x \ -j = the 

tune of an impact, or complete vibration of the beam M’ith the 
striking body accompanying it. The time is therefore constant 

11 ‘2 
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whether the impact be great or small, provided the beam and 
striking body are the same, since tlicn ~ and tv -f r arc con- 
stant. It is, moreover, inversely as the square root of the stilT- 
ness of tlie beam, since y measures that quality. 

Cor. 1. Since, from above, 

/ / 2//C 

V p [w f /•) 

. h ~ 

2c/(r ‘ 


Jf e = tlic utmost deflection the l)eam will hear, and h = c, 

A - 

" 2 wr ’ 


the greatest height of impact the beam will bear from a giv»'n 
weight tiu 

If the weight of the beam be small and neglected, r = o, ami 



The two last values of h being the measures of the power of 
a heavy and a light beam to resist impact, we have this propor- 
tion ; — the power of a heavy beam : the power of a light one 


c [iv r) p e 
2 iv^ * 2 IV ' 


: -h : tv. 


Whence it appears that in beams, whose strength and flexi- 
bility arc the same, the power of bearing impacts from a given 
body may be increased to any extent by augmenting the weight 
of the beams. This, however, can only apply to horizontal im- 
pacts, otherwise the w eight of the beam itself might break it 
without any blow. 


* Dr. Young, speaking of the results of impact upon elastic bodies {Natural 
Philosophy, vol. i. p. 14.3), says, ** It follows from the nature of resilience tliat 
a body of a pound weight falling from the height of a yard will produce the 
same effect in breaking any substance as a body of three pounds falling from 
the height of a foot.” This it appears from above is only correct when the 
body struck is without weight, and the impact is given horizontally. And 
when the Doctor (at p. 148 and elsewhere) represents the resilience of a beam, 

or its resistance to impact, to be simply proportional to the bulk or weight of 
the beam, it was necessary to consider that the striking body was without in- 
ertia or weight. 
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Cor. 2. Siiicc 


/ 2. he 




1) 

AVhciice we may ()l)tiiin tlie inertia of beams, by substituting for 
these values in the results of our experiments. Taking them, 
then, from each of the seven experiments upon the third beam, 
these being the most varied, we have : 


balls 


r = 7'^b lbs. 


From the 8| lbs. 

From the 

From the 9 oz. 7 drs r = G*d9 lbs. 


4^ lbs r ^ r>-13lbs. 


MeaTi 
6-46 lbs. 


Tlie weight of the beam between the supports was 13*7^> lbs. 

6*4G 

Whenee ^ ^ coefficient by which to multiply the 

weight between the supports of an uniform beam to obtain a 
weight e([ual to its inertia. The inertia appears therefore to 
diller but little from half the weight of the beam between the 
supports; and it will be assumed as just half in all our calcula- 
tions for comparison with experiment ; and especially as half 
the weight is the pressure which a prop under the middle, or 
any other part, of an uniform beam would sustain through the 
weight of the beam, were it cut in two in that part. Mr. Trcd- 
gokl assumes it as half without proof, and calculates the effect 
of vertical impact as if it were horizontal. 

Prob. J. Ue((uircd the height from which a body must fall 
upon the middle of a given beam, supported at the ends, to de- 
flect it through an assigned distance ; tlie weight of the beam 
being considered, and tlie striking body assumed as inelastic. 

Put c = C E the assigned deflec- 
tion of the beam ; = the pressure 

which, applied in the middle, would 
have produced it ; c' = C D the de- 
flection of the beam from its own y 
weight, X = any other deflection, q j - 
= the pressure in the middle of the / \ 
beam from its weight (= half the 
weight of the beam if uniforiu), A = G D the height fallen through 
before impact, n =s the power of the deflection to which the pres- 
sure of the beam is proportional, and the rest as before. 




--‘D- 


IS 

“A 


Then, since e” : 


p X” 


the resistance of the beam at any 



r 1 1’ rii u i) 1*0 H’v — I HAj . 


(leiloctioii A‘ wouUl be and its pressure upwards would be 
P .e” 

__ — -|_ (Ijp inertia bein^ ir + /*, 

. • . rotiu-din- Uhtv = ^ j - ^ „ - (;<• + y) J . 

But by tile laws of inotioii. 


(/ r 

^ (/ j' ir A- r 1 e" 


^ “V - ("• ^ y) [• 


liitei^ratin*^, 


Li /r -f 




Tlie body tr m ill, by falling through //, have aecpiired a velocity 
/i ; and after impact on tlio mass, whose inertia is r, they 
will eommenee going together with tlie diminished vi'loeity 

— - — o ~/(^ Tberefon', v» hen — r', r = //* // and 

tr 4* '■ (f' H- r 

these substituted give 


/( , r /> e ” ‘ 

i~ .\y -.“”7' .A 777 “i i\ 


(w + /•)' w +>’]{//+ I) r" 




substituting for C, in the general ecpiation, the value just ob- 
tained gives 


(;/■ + /•)■' 2 ir + (w + I) ^ ' ■ 

Hut wlieii tJu- (loflcctioii is coniplotcd r = o, and = r •, and at 
lluit time, dividing by the eoeffieieut of //, we obtain 


f i> (.<•“ e"‘ 


, uM >-rp(e'‘+‘ -e'" + ‘) . ■ nl 

If the flexure of tlie beam is not so great as to injure its elas- 
ticity, n = I, and 




Or since y is the pressure which accompanies the deflcctio/i 
r', we may substitute for <y in terms of /, by supposing that 
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e^. p : : e: for then q = ~ — . Putting this for q gives 



p 

where e — e' is tlie tleflection from impact^ and - - is constant 


in impacts upon tlic same beam. 

To obtain the value of h in terms of the weights, instead of 

the deflections; substitiiting for r — r/ its value, vve 

obtain 


27; Vi ~ - y - 2 ?c) (D.) 

When the beam is uniform, r == q nearly, as appears from 
(.a)r. 2. Prob. 2. 

If the beam be very light, q = o, r = o, and 


// = 



- 1 


)■ 


Ihob. 4. To find the v, eight of that beam which will bear the 
greatest impact from a given body falling upon it, the strength 
and flexibility of the beams being the same. 

From the last problem 


~ ~ ^ ~ 

and the (piestion is to find q when // is a maximum. 

In beams of the same form the inertia will bear a constant 
ratio to the weight; and, therefore, in similar beams, we may 
substitute for r, in terms of y, in the preceding formula. Sup- 
pose a q = r, then 


/' = 2 “ -I (»’ + ^ 9 ) - 9 ) {p-q-^w) 


maximum. 


Neglecting the constant multiplier, and calling the other part 
?/, we have 

y = {w a q) {p — q) {p ^ q 2 w) ==■ maximum. 


* This assumption is not strictly true ; the deflection from the weight of the 
beam is a little greater than th*at due to a weight = y; but the error is no 
greater than in the supposition that the deflection e in elastic beams is always 
ijs p, which is only the case in horizontal pressures. 
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Involving, and arranging according to the powers of y, gives 

y = a (f — {2 a p -—2 a w — w) — (2 p /c x 1 + « — « 
— 2 q + — 2 iv^ p = maximum. 


• \/y 


3 // — 2 (2 a /> — 2 a w — tv) q — (2 p le x 1 -f- a 

— a p^ — 2 /r‘2) =: 0 ; 


(/ q^ 


z=i ii a q — 2 (2 a p -- 2 a w — w). 


Since Y" = 
a y 


. 3 a q"^ 2{2 a p — 2 a w — w) q=^2p iv x 1 -f « — a /> - — 2 

From this (jiiadratic equation we obtain 



. a // 

[f wc snbslitute this value of y in that of -r^n we have 

^ (I q^ 


(i^ u 
(I iji^ 


= -i* 2 a 






The negative and aflirmative signs preceding the radical here, 
show that in the two values of wJiich y admits, the positive 
radical answers to a minimum, and the negative to the maxi- 
mum required. 

If the beam be uniform, /* = y (Cor. 2. Prob. 2.), and a = 1. 
In that case, the nuiximum impact gives, by equation (A), 

y = p — w — 3 iv^, , . . (B.) 


Cor. If w be very small compared with />, then 3 is so 
compared with Neglecting 3 in the last equation, gives 
the value of y, when the resistance to impact is a maximum. 



Wy nearly ; or y -f w = — nearly. 


This corollary, and especially the more general values of y in 
the problem,, would enable us to adjust the weight of a bridge 
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•of beaiiiSj so us best to resist concussions from a given load 
passing, upon an uneven road, over it. The forniulai would 
apply too to impacts upon some other elastic structures, q being 
tlie pressure from the weight of the structure, or its inertia, in 
the point of impact. 

Theorem. The locus of ultimate curvatui*c ot all the points 
in a slightly flexible beam, whose depth is equal throughout, is 
a ]}arabola. 

Let A 1) B be the natural k’ 

form of the beam, supported 
at its ends A, B ; A C B its 
form when bent at C to the 
extent of its elastic force ; C F perpendicular to the curve at 
C ; and A F, B E, perpendiculars from A B upon C F. 

'^riien, since it is shown by writers on mechanics that the 
iillimate deflection of a beam is as the curvature multiplied by 
the square of the length, we have 

C F (= deflection of the part A C) as (A C)^ x emwature, 

C E (= deflection of the part B C) as (B C)^ X curvature. 

But a beam of uniform depth will bear the same curvature in 
c\ cry part. Wc have therefore C F to (A C)'^, and C E to 
(B C)'^, in a constant ratio. 

Putting then / = A C B the length of the beam, x =: A C, and 
c = a constant quantity such that C F = c (A 0)% C E = c (B C)**', 
we have C F = cx\ C E = c (/ — = c — 2 / x + 

Whence E F = C F ~ C E = c / (2 t ^ /). 

But the right-angled triangles A F D, B E D arc similar. 


BE : DE :: AF : FD; 
and A P : F D ; : A F : F D, 

. • . AF-f BE : FD +DE : : AF : FD. 


Here F D -f D E =s E F = c / (2 .r — /) ; and as the deflection 
is small, AF + BE = ACB = / nearly. In this case A F = x^ 
B E = / — a-, and the last proportion above becomes 

I : cl{2 X — 1) : : a; : F D. Whence P D = c .r (2 — /). 

If we subtract the value of F D, just found, from that of C F 
= c .T*, we obtain C D = c* — c or (2 x — /) = c x {I — x) 5 
where C D may be taken for the deflection of C, it being nearly 
perpendicular to A D B. Whence it appears that the ultimate 
deflection at any point C is as the rectangle of the segments 
into which the beam is divided at that point. The locus of these 
points is therefore a parabola. 

In the preceding theorem we have supposed the ultimate cur- 
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viitiire to be the utmost the beam would bear without impairing 
its elasticity ; but the result would have been the same if we had 
assumed any other constant curvature. In the parabola so 
formed, the deflection in the middle would be to tlie deflection 
half-way between tliat and one end, as 1 to *7i"> ; ^^i^d it will be 
seen from tlic mean between the results of our (experiments on 
the ."ilh, ()tli, and 7th beams tliat this ratio was found to be 1 to 
difl’ering from the above. 

T/tcorcni. — If an uniform beam be supported at the ends, and 
struck hori/ontally upon the side, the same blow will be recpiircd 
to break it wherever it is given. 

From Cor. 1, Prob. ‘J, it appears that where the striking b(3dy 
and the inertia of the beam remain invariable, the power of re- 
sisting impaefl is as the strength of the beam multiplied by the 
deflection it is capable of. 

From the last tlicon'in llic lul.im.'ite dcfli'ction at tiny point is 
as the product of the segments at that jioint, and is e({ual to 
r .v (/ —• a ). It is show n too by writers on the strength of ma- 
terials that the strain from a weight at such jioint is in tlie same 
proportion ; tlie strength therefore is inversely as the strain, or 

as X • Hence the iiower of the luxun to sustain an im- 

pact at any point is as the product of these, 

It is therefore the same in (*very part. 

For another proof of this see the cNperiments on the fjth, Gth, 
and 7 til beams. 

K.rpcrimc/f /s . — Horiurntdl I /// purfs. 

In all the following experiments a ball was suspended by a 
thin string from an elevated object, and so placed that, when 
hanging vertical, its side just touched the beam in the point in- 
tended to be struck, whicii w'as always the middle^ cxccjit other- 
wise mentioned ; the beam being loosely supported at its ends, 
horizontally and vertically, by immoveable bodies. The impacts 
w ere made by drawing back the ball through given arcs, as 
measured by tlicir chords, and letting it fall against the beam. 
The deflection of the beam by an impact wtis measured by the 
(juantity w hieh a peg, whose end touched the beam when at rest, 
had been driven into a mass of clay placed on the opposite side 
of the beam to that wlierc the ball was. The use of the peg and 
clay was only to indicate the deflection. 
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111 111 ! the exporiiuents the radius or length of tiie pciuluiiuii 
was 1 2 f(‘ct, except another radius be mentioned ; and the mag- 
nitud(\s of the impac^ts were measured by the chords of the ares 
through which the ball fell, because the velocity of impact is 
ill that ratio, as will easily be seen ; for the velocity is as the 
s(|uare root of tlu' versed sine, (or of the height fallen through,) 
and the ediord is in the same ratio. 

1st Beam.- -This was a rectangular bar of cast iron, 1 inch by 
h inch section, and 1 feet 0 inches long, weighing; 7:|: It 

was plac(*d liorizoiital, and laid with its broader side against two 
v'a’lical supports 4 feet asunder. The blows were given hori- 
/i)ntally in the middle of the beam to bend it in that direction. 


e impinging \) 0 (\\ 

was a 

east iron 

iKlll S}, 

lbs. weight. 

jClionl 'iTarr 

01)^1 r\ t d 

f’iiUnlated 

Observed 

('alculatftl 

Dificrciu’c niflercnce 

l.’dli II 

chords of 

{ lionN of 

deflect lon.s 

deriections 

between ob- between ob- 

tlirouK'J, in 

recoil of 

recoil of 

•f beam, 

of beam, 

.si rved and .s<>i ve<l ami 

iVft 1 Ifn- 


1)alh in 

in 

in 

ealcidati'd calculated 

diu.'. I'J icet.) 

inches. 

incho. 

inches. 

incIicN. 

recoils. dellections. 

1 

7 

s-a 

•25 

1 20 


■J 

15 

1 1-.5 

•4 1 

•r>a 


a 

21 

21*8 

(d) 

7!) 


•1 

ai 

2!) ] 

•HS 

roj 



'>[) 

asa 

1-H) ; 

1 ra 2 


(\ 

■\() 

broke it . 

•i7-2 

i-4a i 
1 1)2 ' 

' 1 58 

1 “S j 



Prior to ilic experiments aiiove, the beam was laid fiat on two 
liori/oiital supports 1 feet asunder; and weights, suspended from 
the middle and gently laid on, produeed defieetions in the bar 
(in the direetion that it was bent by impa(4) as below : 


2S lbs. bent it inch, 






j Unloaded, 
L nofcft. 


The (juaiitity of the recoil in the preceding expcM-imciits was 

calculated from the formula r = /» i / ^ . (Prob. 1.) 

V C {w 4- r) ^ ^ 

This formula, like all the others, is calculated on a supposition 
that the beam is perfectly elastic and the striking body devoid 
of elasticity. 

In Cor. 2, Prob. 2, it is shown that the inertia of uniform 
beams, struck iu the middle, is nearly eijual to one half of the 
wi’ight of each behveen its points of support ; and as this beam 
was 1 feet b inches long, and lbs, weight, tlie weight of 4 
f(‘('l was b’ l l lbs. Whence the inertia r = 3*22 lbs. We have 
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likewise w = 8’5 lbs,, / = Id I inches, b = the (lillVrenl deflec- 
tions ; and as 56 lbs, bent the beam *63 inch, taking = 56 lbs. 
we -have c = *63 iiicli. 

The quantity of the deflections in the experiments above was 

calculated from the formula h z=i tv / , , - — (Prob.2,) 

V pi {w 4- r) ^ ^ 

In this formula is the clK)rd of the arc the striking body fell 
through in each instance, and the rest are as above described. 

2nd Beam. — This casting was of the same metal and dimen- 
sions as the last, and the experiment was made in the same 
inamier, except tliat striking balls of different metals and weight 
were used. AVeight of casting, (4 feet 6 inches long,) 7 lbs. Di- 
stance of supports, 4 feet, as before. 


1 liiij)act with leaden ball 8J lbs. weight. 

Impact witli cast iron ball fij lbs weight. 

Chord of arc fall- 
en through, in 
feet. 

Obser\'ed chord 
of recoil of ball 
in inches. 

Calculated chord 
of recoil of ball, 
in inches. 

Observed de- 
flection of beam, 
in inches. 

• ff 

0. 3 

"O . 

15cl 

irS 

3 tr-* 

5 C 

Chord of arc fall- 
en tlirough, in 
feet. 

Observed chord 
of recoil of ball, 
in inches. 

Calculated chord 
of recoil of ball, 
m inches. 

Observed de- 
flection of beam, 
in inches. 

Calculated de- 
flection -(t beam, 1 
in inches. 

1 

0-5 ; 

7*3 

•24 

•29 

1 

6-5 

7 

•23 

•29 

2 

13 , 

14 

•46 1 

•57 

2 

14 

14 

•46 

•57 

3 

^0 , 

22 

*73 ! 

•«S6 

3 

20 

19’9 

’65 

•86 

4 

27 

297 

•97 

1-14 

4 

29 

30 

•98 

ri4 

5 

34 

39*8 : 

1*30 

1-43 

5 

37 

40-4 

1-32 

1-43 

6 

47 , 

49 i 

roo 

1*72 

6 

48 

50-5 

1-65 

1*72 


Chord of arc fall. ' 
en through. J 

' >2 

act with ] 

1 

•$ 

S 

1 

i 

Calculated re- \ 2 

coil. ! ~ 

1 1 

4. 

Observed deflcc- 5: 

tion. ! 

Calculated de- r 
flection. 

Chord of arc fall- • ^ 
en through, , S 

1 

Observed recoil, j E 

Calculated re- Z 

coil. E 

cr 

^ 

Observed deflcc- 

tion. ^ 

. 1 

Calculated de- =* 

flection. " 

1 

5 

4-2 

•11 

•18 

1 

4 

5 

■13 1 -18 

2 

7 

10-7 

•28 

•36 

2 

9-5 

11-5 

•30 : -36 

3 

17 

17-() 

*46 

•54 

3 

14 

17-3 

•45 ' -54 

4 

22 

24*6 

•64 

•72 

4 

19 

25 

•65 1 -72 

5 

28 

31-0 

•83 

•90 

5 

29 

30'7 

•80 1 '90 

0 

33 

38-4 

1-00 

1*08 

6 

35 

38*4 

1-00 1 1-08 


Before the experiments on impact were made upon this beam 
it was laid horizontal on two supports 4 feet asunder, and weights 
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gently laid on the middle bent it (in the same direction Unit it 
was afterwards bent by impact), as below : 

28 lbs. bent it ‘37 inch, 

50 lbs. *77 i^^ch. Elasticity a little injured. 

In calculating the deflections of the beam and the recoils of 
the striking body, the inertia of the beam was in this case and 
in all others taken as half the weight of the beam between the 
supports (Cor. 2, Prob. 2). Adopting the formulfe used in the cal- 
culations for the first beam, we have here the inertia r=3*ll 1 lbs. 
And since 28 lbs. bent this beam *37 inch, calling p = 28, we 
have e = *37. We have also / = 144 inches, w = 8^ or 4| lbs., 
and the other quantities given in each case, or obtained from the 
observed results. 

The deficiency of the deflections in the experimental results, 
compared with the calculated ones, may perhaps arise from the 
resistance of the peg in the clay. 

3rd Beam. — This was a rectangular bar of cast steel, 1*40 
inch by *41 inch section, and 6 feet 9 inches long, WTigiiing 
14:|^lbs. It was laid horizontally, and placed with its broader 
side against two vcrticjd supports, G feet G inches asunder ; the 
impacts being intended to bend it in its least direction. The 
striking bodies were balls of lead, cast iron, bell metal, and har- 
dened steel, and of various weights, as below. 


Chord of arc fail- i 
cn through, in 
feet. i 

(Rad. 12 feet.) ] 

i 

Observed chord ; ^ 
of arc <jf recoil, ^ 

in inches. 2 

- - 1 

Calculated chord , — 
of arc of recoil, 

in inches. > 5: 

weight. 

Is 

•g': 

II 

Calculated de- i 
flection, in , 

inches. . 

Chord of arc fall- ‘ 
en through, in • 
feet. j 

(Rad. 12 feet.) ! 

1 

Observed chord % 

of arc of recoil. ' 

2 

ball Ibf 

h 

^ ® 

P u 

0 ft 

g's 

. weight. 

to 

at 

-o . 

1 

Calculated de- 
flection. 

1 

.^)*5 

C'37 

•42 

•437 

1 

0 

C-37 

•42 

• 4.37 

2 

11-5 

12-4 

•82 

•87 

2 

i2-r) 

13*3 

•88 

•87 

3 

18*3 

18'7 

; 1*23 

1-31 

3 

18-0 

19-1 

l-2() 

1‘31 

4 

24-7 

25'2 

l-Of) 

1-75 

4 

24 5 

2.5-6 

1*69 

1*75 

5 

31-0 

32*2 

2*12 

2*19 

.5 

3r.5 

32-0 

2*11 

2-19 


lA‘adcn hall 4ilbs. weight. 



Rell metal ball4| lbs. weight. 


1 


5-17 

•29 

•27 

1 

4-5 

5-5 

•31 

*27 

2 

8*5 

107 

•60 

-.54 

2 

9-0 

iro 

•62 

•54 

4 

17*3 

20’0 

112 

ro8 

4 

17-5 

20*0 

1-12 

1-08 

6 

29-0 

30*8 

1'73 

1'63 

6 

270 

29-4 

1-65 

1-63 




I T.auh' 

ij aiii 


UrJI bail, wt-i/rbf 

Sheer baJl 

1, WflLdlt 



1 

1 u/. 7 

(Ir. 

t)z. 7 tlrs. 

oz. 7 <li>. 

i 


• .3 





I d 1 . 


j : 


-s 

I ^ W 

o 

o 

oi ' 

4> 

' 3 i a 

O 


<L> 

S 3 

• |c 3 ' 

ii 

g 

o 

' iS "? 

ved def 
tion. 

1 ^ 
s 

1 ’ 11 

n 

'3 ^ 

V _o 

1 ^ 

1 1 

dated 

coil. 



1 

o 


JQ 

hr 1 ^ 

t i « 

U 

1 ^ 







c 



C 


1 I 

•087 , 

•07 


•75 

•os 

•S -87 

•Oi) 

[ 1-0 

•08 

2 * 

* 1 7 

•lO 

1-5 

)-70 

•17 

2-0 1 1-85 

•IS 


l-IK) 

3 , 

•25 ; 

•28 [ 

3-5 

3 '05 

*25 

3-5 ; 2-83 

•27 ! 

3-7 

2-iH 

4 . 

•35 ' 

•45 ; 

4-3 

4*00 

•41 

4-0 ’ 4-4(3 

•40 ! 

1 

5-0 

l-iV) 


Tlic anonialous character of the results of the exj)eriiueiits 
M-ith the small halls^ compared with those from the lari;cr ones, 
may perhaps arise from the dilliculty of observing the results of 
small impacts. 

Previous to any of the experiments on impact upon this beam, 
it was laid on supports (» feet (i inches asunder, and bent bv 
weights in the middle, in the same direction that it was after- 
M ards bent by impact. ^I'he results are as below : 

Its own weight (or ])ressure from half of its) . 

weight between the supports; = (> lbs. Id oz. | ' ' 

lbs, -f i) lbs. 11 oz. (its own ])ressure) = 

.dd lbs. 11 oz. 

51) lbs. d- b lbs. I d oz. =: ()L> lbs. 11 oz. = i ()()(> oz. ‘i'ob — 



To calculate, as before, the deflections and recoils, w e had licre 
p =z= ] OOb oz., c = 2*.ib ins., r ^ G lbs. I I oz. — 1 10 oz., = the 
various striking weights, and the rest from tlie data, as in the 
]) receding cases. 

In the experiments upon thi.s beam W'hi(di ^vere made the last 
of those where the impact was horizontal, additional care was 
taken to prevent the resistance of the clay from rendering the 
deflections less than they ought to be, as it was conceiv'd that 
this cause had in some degree reduced the deflections in most of 
the other beams wdiich luul been struck liorizontally. 

4th Beam, '^riiis east iron bar w as, in section, I 'OS x 1*05 
inches, and 7 long, wTighing LMj lbs. ; it w^as placed against 
two supports, b feet b inches asunder, and bent by impacts in 
the middle. Weight of striking ball, of cast iron, 20| lbs. 
lladius lb feet. 

In the first of the following experiments the beam alone w as 
struck, as before, and, in the second experiment, a 5b-lbs. weight 
of east iron w\as suspended like a pendulum and made to touch 
the middle of the beam ; the ball was then made to impinge 
against the weight, and thence deflect the beam. 
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Impart iii)on tfu? beam to drrirrt it. i| Impact upon the weight to deflect flu* beam. 


Chord of arc fall, j 
1 en through, iu 

■feet. j 

Observed deflec- 
tion, in inches. 

Calculated de- 
flection, in 
inches. 

Difference be- 
tween observed 
and calculated 
deflections. 

2 

*4(i 

•51 

1 

3 


‘7^i 


4 

•87 

101 

1 

/ 

5 

103 

1-20 


() 

1-24 

1*52 

\ 

7 

1*44 

1-77 

! 

8 

l-8() 

2'()3 

! 

A 


Chord of arc fall, 
en through. 

Observed deflec- 
tions. 

Calculated de- 
flections. 

Difference be- 
tween observed 
and calculated 
deflections. 

! 2 

•31 

•3 I 

0 

1 3 

•43 

•40 

4-Vr 

I 4 

■09 

•Gl 

~ 

i 

1 *81 

■70 

1 

1 1 , 

• 6 

1-04 

' *92 

s 

7 

1-28 

l-0() 

— .V 


1*41 

1*22 

— 1 

* 1) 

l-()3 

i 1-30 

; ~ 1 


The obsoiA’t'd deflections in tliis latter case, udiere the inijiact 
was upon tlie weight, were somewhat higlier than the calcu- 
lated ones, wliile in impacts upon the beam itself they M ere less 
than as calculated. It is evident that the elasticity from the 
collision had hen' some eflect, as might be expected. 

Before the experiments on impact the beam M as laid on tMo 
supports, b feet (i inches asunder, and M^as bent ‘JH inch by 
lbs. (including the pressure from its om d weight) applied gently 
in the middle. 

5tli, r»th, and Jth Beams.-— Tliese Mere three cast iron bars 
from tbe same metal, each 4 feet G inches long, full incli stjuarc, 
and 14 lbs. 10 oz. Mcight, nearly. They M ere supported by 
props 4 feet asunder, and the impacts Mere given against the 
beams alone ; first in the middle, and afteiMvards halfi vvaiy be- 
tM'cen the middle and one support. 

The striking body was a ball of cast iron, 11 lbs. MA'ight, sus- 
pended by a 16-feet radius. 


Inipdvfs hi the imddtv af the Ihirs, 


Chords of arcs 
fallen through, 
in feet. 

Velocitie.s per 
second, com- 
puted from The 
chord.s 

Deflections of 
the .Olli beam, 
in jiarts of an 
inch. 

Deflortion.s of , 
the Gth beam, , 
in parts of an ’ 
inch. 

Deflections of 
tbeTtli beam, 
in parts of an 
inch. 

Mean between 
tbe deflections 
of the flth ami 
7th beam, in 
the middle. 

1 

1-414 

•23 




1-5 

2-121 

•28 


•26 

•26 

2 

2-828 

•12 

•33 

•37 

•35 

2-.') 

3-535 

-.50 

•42 

•49 

•46 

3 

4-242 

•59 ! 

•53 

•56 

•55 

3-5 

4-049 

•07 

•68 

•67 

•67 

4 

5-650 

•82 

•79 

•76 

•77 

4-5 

0-303 1 


‘85 


•85 

5 

7-070 1 

•97 

•97 

•92 

•95 

5 • .”) 

0 

7- 777 

8- 484 1 

broke in the 
middle. 

ro5 1 

1 

1 

1 

105 
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The sixth and seventh beams having borne the deflections 
1*05 and *92 as above, and the former being considered (from 
the result of the fifth beam) very near to fracture, they were no 
longer struck upon the middle, but upon a point half way be- 
tween the middle and one support ; the pendulous ball being 
so ordered as just to touch that point of the beam when hanging 
vertical. The intention was to ascertain the deflection of each 
beam in this new point of impact, and the blow necessary to 
break it there. 

Impacts at half the distance between middle and one support. 


Deflection of ; Mean between I 

Chords of I Deflection of the , the rth beam , deflections of Ratio of deflections 

arcs fallen 6tli beam in jioint 'in point struck, the 6th and 7th I from equal impacts at 
through, in struck, in parts of I parts of an ’ beam at one ' one fourth span and 
• feet. ) an inch. inch. ' dbnrth distance! middle of beam. 

i fiom one end. ‘ 


2 ' *22 ; - 2 .) 

3 *40 j *44 

4 -jO ! •r )4 

5 *00 ! -Gs 

5*5 *70 j 

6 Broketheboam.! Broke it. 


•24 r; ! = 

•42 — -70 1 

•52 ;:r=-68 

•(34 j ii • = (37 
•70 |m=-(37 


V moan 
J (iO l 


Both beams were broken exactly in the point of impact, and 
with the same intensity of blow, an impact tlirough an arc of 
6 feet. Now an impact, through an arc of G feet, against the 
middle of the 5th beam, liad broken it ; and as impacts in the 
middle through 3, 4, and 5 feet, had nearly bent each of the 
three beams through equal quantities, wc maybe convinced that 
an inqxict through about G feet against the middle of the tith 
and 7th beams would have broken them. Hence we may con- 
clude that an uniform beam will bear the same blow whether 
struck in the middle or half way between that and one end. 

Previous to the preceding experiments upon the 7th beam, 
it was laid horizontal on two props, 4 feet asunder, and weights 
gently laid on the middle bent it as below : 

168 lbs. bent it *26 inch; unloaded, no set. 

224 lbs. *40 — ; unloaded, set inch. 

Remark. — From all the preceding experiments it appears that 
the deflection is nearly as the chord of the arc fallen through, 
or as the velocity of impact. 

rertical Impacts, 

In the following experiments the impacts were given by a 
short leaden cylinder V falling from different small heights upon 
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the niiddle of the beam, which was sustained at its ends A, B, 
in a horizontal position, by firm supports. The cylinder C was 
perforated by one end of an uniform liglit slip of timber D, (5 feet 
4 inches long, whicli was attached by a joint at the other end t<j 
tlie verti(;al prop E. 

It will be observed that C fell through small arcs of a circle 
instead of vertical ; but as the radius was large and the heights 
usually small, the error was not worth notice. 

lbs. oz. 

Weight of leaden cylinder . . Id 4 
I of weight of lever O (itsl 

inertia) f ^ 

Weightof striking body, or \ . , . 

sum of the above . . . / 

8th Beam. — This bar was of cast steel, and was that called 
the 3rd beam in our horizontal experiments; it was now laid 
upon two supports (5 feet G inches asunder as before, and bent 
by impact in the same direction. 



(’aili'ii 

in 

inclicij. 

Observed de- 
lleelions of 
beam from im- 
paet. in inches. 

Wliole defli'C- 
tion.s of beam 
or ob.served 
deflections 
+ -JJ inch. 

! Calcnlateti 
’ pressure, in 
ounces, which 
would prwlncc 

1 the whole de- 
flections. 

Calculated 
heights fallen 
through, in 
inches. 

Excess of real 
over calculated 
heights fallen. 

3 

2*00 

2-33 

91() 

2-53 

1 

() 

2-57 

2*90 

1140 

5-22 

», 

9 

2*99 

3-32 

1 305 

77(3 

1 

T. 

12 

3-'l() 

3-73 

14(31) 

10*()9 

n 

15 

3*71 

4-07 

i 1599 

13-45 

TO 

IS 

4-15 1 

4*48 

i 1 7(30 

17*19 

1 

21 

4 -40 ] 

4-73 

: 1859 

19 71 

1 

Tfl- 

24 

! 

4*t)8 

5*01 

1 19(39 i 

22-72 

1 

TTf 


lieferring to the previous exper^ents on this beam, it will be 
found that the beam when placed on two supports G feet G inches 
asunder, bent *33 inch, as given in the 3rd column above, by its 
on 11 weight ; and that lUOG ounces laid on tlie middle bent it 
2*5G inches. 

The calculated heights of impact in the 5th column were ob- 
tained from tlu' formula 


5 jj w 


-(/e + r) {p q) {p — q — 2 w), problem 3rd. 


In this formula — is constant in pressures upon the same 
1835. I 


h'l FTfl IIKPOUT — 1 83') . 


e 2‘5(] 

brain : aiul \vc have here — = - — , la = 13 lbs. 1 3 oz. = 22 1 o/., 

p lOOb 

q ^ r llOoz. ; and p is obtained from each of the tabulated 
pressures in the 4th column. 

The values of h would have been calculated more easily than 
us above by equation (C), prob. 3 ; but the formula used was 
conceived to stand in need of a test. 

9th Beam. — This was a bar of cast steel 2*05 x '52 section, and 
G feet 4 inches long, weighing 23.^ lbs. It was laid on supports 
6 feet asunder, and the leaden cylinder was let fall upon the 
middle as before. 

This bar was bent 2*4 1 inches by 224 lbs. being laid gently on 
the middle. 


Hoigbts fallen 
thrnu^h, in 
inelies. 

Deflections 
from impact, 
in inches. 

Calculat(‘(i 
heights fallen 
til rough. 

Excess of real 
over calculated 
heights fallen. 

6 

1-09 

5*14 

r 

12 

1-42 

9'49 


18 

“ 1 * 7 () 

15*34 

1 

24 

1 2*02 

20*74 

1 


The heights, in this case, were calculated by e(j[uation (C), 
problem 3. 

loth Beam. — This was an uniform tube of wrought iron : it 
was laid horizontal on two supports, 9 feet 6 inches asunder, 
and struck upon the middle with the cylinder falling upon it ; 
first, when the tube was empty, and next, when it was filled 
with leaden bullets : the bullets being put rather loosely in to 
increase its weight without allecting its flexibility. 

Weight of the empty tube, between the supports, 9*2 lbs. 
Weight of tube, when loaded, 17’7 Ihs. Dcllectioii of empty 
tube, from its own weight, *26 inch. Deflection from weight of 
loaded tube *01 inch. Deflection from 28 lbs. hung in the mid- 
dle of unloaded tube D47 ilfch, and of loaded tube 1*44 inch. 



In these experiments the deflections from impact upon the 
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loaded tube were less tluin those where the empty one was used, 
thouiifli the ultimate deflections were a little greater in the former 
<;ase than in the latter. The following experiments are intended 
to show that increasing, to a certain extent, the weight of the 
body struck augments its power of bearing impact. 


Impact on Bodies sustained hy Wires, 

Experiments to illustrate the Increase of Power to resist Im- 
pulsion, whicli elastic Bodies accjiiire by being loaded. 

An iron wire (thickness No. 17) was suspended by one end 
«from the top of a room ; the other hanging down with a round 
t'ast iron ball, having a hole bored through it, aflixed to tlie lower 
end. The striking body, likewise, was a east iron ball, bored 
in like maimer, and having the wire passing through it 
so easily as to form no resistance as it fell. 

In the annexed figure', A B represents the wire fas- 
tened at A; B the weight at bottom ; C the striking 
w eight. In the experiments, C w^as let fall upon B 
from various distances, C B, to ascertain the heights 
neeessary to break the wire when sustaining difterent 
w'(‘ights B. 

Tlu; w eight B had a perforated disc of lead, through 
w hich the wire jiassed, laid upon it, to lessen or de- 
.Ntroy the elasticity of the impinging bodies. 

Kxperiments, 



TiOiiKMi j Wci^Jit or Wt'if'htof 
of u'jiv. ball l).'ill at B 

ate. wit li load. 


Bore impacts through, 


Broke with i 
lalliiig 
through. 


‘2, 2\,3,3J., 4 feet 4V 1 

(repeated^ 34, 4 , 4 ir ft. 5 J 

7 ft.. 70 » 

(repeated, iVesh wire,) 6 ft. Oy j 

1, 2, .3, 4, 5, 6, G:., 7 ft. ... 71 ' 

(h Ol, 7, 7h«, 84, 9 ft. ... 94 
8, 83,9, 9 !>, 10, 104 ft. ... 11 

8, 84, 9, 9!f, 10 ft lOi 

3, 4 inches 5 inchci 

2, 3, 4, 5, G inch 7 do. 

4, 5 inch G do. 


No lead. 


o 4'“ ao ^ 


I " ^ 


II broke one 
iiieli from j 
top. 


2 inch 3 do. 
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The hollies stmel; above were all single balls of cast iron, 
M'itli the flat piece of lead laid upon them. 

To ascertain the strength and extensibility of this wire, it 
was broken, in a very careful experiment, with 252,1 lbs. sus- 
pended at its Imver end and laid gradually on. And to obtain 
the increment of a portion of the wire (length 24 feet S’ inches) 
when loaded by a certain weight, it had I.htlbs, hung at the 
bottom, and when 81) lbs. were taken off that load, the wire de- 
creased in length *31) inch. 

Whence 81) lbs. : *31) : : 252*5 lbs. : 1*12 inch = the ultimate 
extension of 24 feet 8 inches. 

.*. 1*09 inch = ultimate extension of 24 feet, or extension* 
of that length of the wire when loaded to its breaking point. 

Remarks.—] st. Should it be suggested that the wire by being 
freiiuently impinged upon would perhaps be much weakened, 
the author would beg to refer to a paper of his on Chain Rridges, 
ManclHster Memoirs, 2nd series, vol. v., where it is shown that 
an iron Avire broken by pressure several times in succession is 
very little Aveakened, and will nearly bear the same Aveight as at 
first. 

2nd. The first of the preceding experiments on Avires are the 
only ones from Avbich the maximum can, Avith any approach to 
certainty*, be inferred ; and Ave see from them that the AA’ire re- 
sisted impulsion Avith the greatest eflect Avhen it Avas loaded at 
bottom Avith a Aveight which, added to that of the striking body, 
was a little more than one third of the Avcight that Avould break 
the Avirc by pressure, a conclusion Avhich does not difl'er Avidely 
from that of Cor. to Prob. 4. 

3rd. From these experiments generally, it appears that the 
Avire Avas Aveak to bear a bloAv aa Iicu lightly loaded. 

These last exj)eriments and remarks, and some of the ])re- 
ceding ones, shoAv clearly the benelit of giving considerabh; 
Avcight to elastic stnictures subject to impact and A’ibration ; and 
the weight of greatest resistance may fre(]uently be calculated 
from the formulfc in i)roblcra 4 or its corollary. 



OJfservdlioiis on tim D\i'eetion and Intcnsitjf of the Terrestrial 
31(1 i(ne fie Forte in Ireland^ made hi/ the Rer. Humph ukv 
Luovi), 31. F.R.S., Professor of Xatnral Philoso- 
])hj/ in the Unirersit// of Dublin ; In/ Fajdain Sa- 

HixE, R.A.s F.R.S., c^r. ; and hif Captain James Clarke 
lioss, //.A'., FR.S., c^T. 

I Willi a Plate. J 

'FiiE obsorviilions which form the subject of the present com- 
uumication were nuide (lurini^ the years 1S34 and 18.35, in com- 
pliance with the recommendation of thcBritish Association urged 
in the first and second Reports of its proceedings. Their main 
object lias been to determine the direction of the lines of mag- 
netic dip and intensity in Irehnid, and to make a small, but it 
was hoped exact, ’addition to our knowledge of the laws of dis- 
tribution of tlu'eartli’s magnetism. The observations are three- 
fold : first, observations of the horizontal part of the earth's 
magnetic force, as determined by the time of vibration of a 
needle suspended horizontally, after the method of Professor 
Hansteen ; secondly, observations of dip, made in the usual 
manner; and thirdl}^ observations of dip and intensity at tlie 
same' time, and with the same instrinnent, according to the 
method adopted by Professor Lloyd, and already submitted to 
the Association 


1. Horizontal Intensity.^ 

The instruments employed in the first series of observations 
were constructed after the model of that of Professor Hansteen. 
Tlie needles are cylinders inches long, and *13 of an inch in 
diameter, suspended by a few filameiils of the silkworm's thread. 
They are inclosed in a small rectangular box, saj)ported upon 
levelling screws, and having a tubular pillar screwed on at to]) 
for the silk suspension. At the bottom of the box is a divided 
circle, for the purpose of noting the arc of vibration: the tempe- 
rature is observeil by means of a small thermometer inclosed 
in such a manner as to avoid contact with the bottom and sides 
of the box. iJefore the commencement of the observations, the 
bottom of the box is to be rendered truly horizontal by means 
of the levelling screws on which it rests, and of a small spirit 
level with which it is furnished. The needle being then sus- 

^ Fourih Report, ]). .'3.37. Tran.sui lions of ihc Royal Irhh dcademy, vol. xvii. 
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pended so as to liang near tlie bottom, its deviation, if any, from 
the horizontal position will be detected by its inclination to the 
surface. It is then to he slightly moved to one side or other in 
the brass stirrup by which it is supported, until it hangs truly 
parallel to the lou'cr surface of the box ; and when this adjust- 
ment is once accurately made, no further alteration will be re- 
quired, unless the change of dip be considerable. 

When an observation is to be made, the needle is raised or 
lowered by a small roller to which the silk suspension is at- 
tached, so that it may hang about midway between the upper 
and lower surfaces of the box. It is then draw n aside from the 
magnetic meridian through an arc of 25"^’ or by a piece of 
brass ^vire inserted in the side of the box, and is allow ed to os- 
cillate. The registry of the oscillations is commenced w hen the 
amplitude of the vibration on either side of the meridian is ri'- 
duct'd to 20^, and it is continued during 3G0 vibrations ; th(‘ 
moment of the completion of every lOth vibration during that 
interval being noted by a chronometer. The* amplitude of the 
thial arc, or of the arc of the ihiOth vibration, is also observed ; 
and the temperature of the air in the box, as indicated by tlu' 
interior thermometer, is noted at the beginning and end of tlu' 
observation. 

It is obvious that in this manner seven intervals of tinu' an* 
obtained, each corrcspondijig to 300 vibrations, — viz. tbe interval 
betwTen the 0th ami dOOdth vibration, betAveen the 10th and 
,3 loth, &c., and between the 60th and 360th ; — and the mean 
of these is taken as the result. But to this result several cor- 
rections must be applied. 

1. The time as^liown by the chronometer is to be corrected 
for ra^e; and accordingly the chronometer's rate must be deter- 
mined from time to time by comparison with a good timekeeper, 
or by astronomical observations. In the present scries the rate 
was observed at the commencement and end of each group of 
observations by the former and easier method. The amount 
of the correction due to rate is in most cases very small, the cor- 
rection in the time of 100 vibrations corresponding to a daily rate 
of 2" being less than 0''*01 with the slowest of the needles 
employed. 

2. Professor Hansteenhas applied a correction for the arc of 
vibration, so as to reduce the time to that corresponding to in- 
finitely small arcs. The correction is investigated on the same 
principles as that usually applied to pendulum observations. 
It is however more complicated in its form ; for, instead of a 
single series of vibrations, (as in the case of the pendulum,) we 
have here seven distinct scries, each commencing from a different 
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arc. The principle, however, seems hardly applicable in the 
present instance. It is assumed that the successive arcs of vi- 
bration decrease in geometric progression, as they must necessa- 
rily do if the resistance of the air be proportional to the velocity. 
This is found to hold good in the vibrations of the pcndulimi 
when the arcs are very small; but it is by no means true when 
they arc so considerable as those in which the horizontal mag- 
netic pendulum is made to vibrate. Where, however, the vi- 
brations commence from the same arc, and the terminal arc does 
not much vary, the correction itself may perhaps be disregarded. 
In the following observations, in which the initial arc was 20'^, 
the .ItJOth or terminal arc was generally 24 "", and was in all cases 
included between the limits 1° and In such eases, then, 
the correction must l)e, nearly, a constant (piantity ; its appli- 
cation to the observed times is thi*r<dore nearly ecpiivalcnt to 
tlk'ir muitiplication by a constant coellicient, and the ratio of the 
limes (with which alone we are concerned in this class of ob- 
servations) remains unaltered. For these reasojis no attempt has 
been made to introduce a correction for the arcs in the following 
results ; but the terminal arcs are given, so as to put the reader 
iji possession of all the circumstances of the observation. 

.3. Lly far the most important correction is that due to tem- 
perature. If T be the observed time of lOO vibrations eorre- 
s])onding to the actual temperature and T the corrected time 
corresponding to the standard temperature /, the correction is 

(I bring a constant coefficient whose value is to be determined 
experimentally for each needle. 

The following observations were made with the cylinders 
L L (A), in order to determine the value of the coefficient 
a for each. The apparatus being inclosed in a large glass bell, 
the time of 100 vibrations of cylinder L (r/), commencing with 
the are of 10"^, vvas observed at the mean temperature of the 
room, and when the air of tlic bell was heated artificially from 
below, by means of a spirit lamp. The final arc varied between 
4"^ and 5^^. The observations with cylinder L (i), were made in 
the bell without the apparatus, lii this case no means were 
taken to observe with any accuracy the arc of vibration ; and 
ill order to reduce as much as possible any error arising from 
this source, the observations were continued in each instance 
until the arcs were reduced to the smallest appreciable, and the 
mean of the last five intervals of 100 vibrations then taken as 
the result. The chronometer's rate varied from 4- 0"*6 to 4- 1"*4 
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per aiul Jiacl therefore no appreciable influence on tlie re- 
sults. 


Cylinder L (ri). 


Date. ! Hour. 

Tlirn'. 

'JVnip. 

; li. 111 . 

s 

o 

Marcli 1. ! 1 42 

2i2'(;4 

5 1*5 

, 1 55 

2 12*82 

51*5 

8. :! 4(i 

212 *;U) 

5 S *8 

> 1 1 

212*21 

58-0 

' Mean 

212 *.iO 

50*5 

— 1. 1 ;i n 

2i;ioo 

82*5 

1 I 10 

2t;}*0(; 

83*1 

8. i 2 G 

2i;i*oi 

71*5 

Mean 

2 13*05 

80*0 


Cylinder L (/>). 


Date. 


Time. 

Temp. 


ii. 111. 

s. 

L. 

March If).* 

11 7 

203-18 

53*Ci 


IJ do 

2f)2*52 

55*0 


2 12 

201*00 

(j0*3 


3 5 

203*70 

50*5 


Mean 

203* 1 1 

57*1 


12 50 

205*21 

80*0 


1 10 

205*20 j 

83*3 


Mean 

205*22 

81*0 


Tlie constant coclVicient sought is to he calculated from the 
formula 


_ T-T 
- V (/ ty 


in which f and f are the two temperatures, and T and T' the 
corresponding times of vibration. We find 

Cyl. L (a), r = T - T = I "-do, / ^ = 23‘-r> 

r/ = •000254 

Cyl. L (/j). T' = 29:V'-4 1, T T' = ^ = 21°-5 

f/ = •0002-18. 


Stopping at the fifth decimal place, then, the coefliciont for tem-^ 
perature for both cylinders is •00025. It is to be observed that 
these cylinders were made at the same time, and were therefore 
probably tempered to the same degree ; and to this circumstance 
we may, with much probability, ascribe the close agreement in 
the values of the constant which determines the effects of tem- 
perature upon the force of the needle. 

No observations were made to d( terminc directly the cficcts 
of temperature upon the other needles employed in the course 
of these observations ; and, in correcting tlie results obtained 
with them, the coefficient employed by M. Ilansteen, viz,. 


♦ A scries of observations had been made witli this cylinder, in the same 
manner and on the same days as those witli cyl. h(ff); but the results were unsa- 
tisfactory, some of them indicating an of force with increased tempera- 

ture. Such contradictory results have been noticed by many observers, and are 
usually attributed to the disturbing ellects of currents of air, determined by inc- 
(juality of temperature. 
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•00017, luloptcd. The staniffin! toinperatiire (/), 

to which all the results contained in the following pages arc re- 
duced, is ()0^ Fahr. 

4. All tliat we know of the diurnal variations of the intensity 
of tlie horizontal force, is due to M. Hanstccii and Professor 
Christie. 14ies(^ writers agree in fixing the liours of niinimuiu 
intensity at lOi a.m. The intensity then increases, and attains 
its niaxinuini, according to Professor Christie, at about 7i 
The amount of this inaxiiuuin is 1*0021 in summer, the minimum 
intensity heiiig unity; but tiiis amount, as well as the hour of 
its oceuVrence, changes with the season. Of the law according 
to wliich 11 k‘- force varies between its two limiting values, we 
Iviuiw nothing; and it is Ihcrcfore impossible, in the present 
stale of our knowledge, to apply a correction for these varia- 
tions. It was proposed to evade this diilicnlty, in tln‘ ensuing 
observations, by observing at a fixed hour. To this limitation, 
how(‘vcr, it was found impracticable to adhere, and the results 
still remain uncertain by the amount of the diurnal change. 

5. The variations of the magnetic force give rise to another 
and still graver class of errors. The least experience in obser- 
vations of this nature is ciiougli to prove that tln^ horizontal iii- 
iensily is, from some cause or other, subject to irregular fiuclii- 
ations ; and tliese llnctuations, like those of the barometer in 
our climati's, are much more considerable than the regular Jiorary 
changes. It seems probable that tliese variations in the intensity 
of tiu; horizontal force are, like those in its direction, not local 
phenomena, hut occur at the same time at ])laces widely sepa- 
rated. To eliminate them from our results, therefore, it would 
suflice to Iiavc a regular scries of observations made at some fixed 
station, cotemporaneoiis with those made at the difierent sta- 
tions; iiiid, if tliese be not very remote, u e may assume that the 
variation of the observed force at each from its mean amount is 
the same as that observed at the same time at tlie fixed station. 
Unhappily these means of freeing the results from the admixture 
of what may be called accidental jiheiionic^a have not been 
attended to in tJie following, or indeed in any similar series of 
obsty^vations, and there is reason to believe that the errors due 
to this cause are the largest in amount of any by which the 
present scries is affected. 

The amount of these fluctuations, from day to day, may be 
judged of from the following specimen of a series of observations 
such as that alluded to, commenced by Captain Sabine in the 
month of June 1835. The apparatus in which the needle was 
vibrated was unmoved during the continuance of the series, and 
the needle remained permanently suspended. The height of the 
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barometer was noted, as well as the temperature ; tlie hour of 
observation was, nearly, 10 a.m. 

Time o/200 Vihmlions of u Stamkml Needle, 


Oate. 

Jkironi. 

Therm. 

Time, 


inrh 

o 

s. 

June 15. 

:u)-20o 

0(3-0 

1139-00 

10. 

30-208 

Olo 

1138-20 

17. 

;;o-i88 

02-0 

1138-27 

18. 

;io-l.S8 

01-0 

1135*87 

U). 

30-200 

59-0 

1 130*07 

20. 

30-080 

02-0 

1135-93 

21. 


02-0 

1 13)7*()7 

22. 

2.0-0 10 

01*0 

1I3S-53 

2;]. 

29-082 

59-0 

1 138-10 

21. 

29*300 

57*5 

1 137*80 

2.-). 

29-Sr)0 

57-0 

1130-87 

20. 

29-580 

57-0 

1130-70 

27. 

30-105 

57-0 

1137-13 

29. 

30-120 

590 

1137*80 

00. 

29-820 

580 1 

1 1 37*73 

July 2. ^ 

29-900 1 

02-0 

1 137*30 

1. 

29-850 

00-5 

1 138-73 

5. 

29-050 

00-0 

1139*53 

0. 

30 000 

58-5 

1130-00 

7. 

29 850 

59-0 

1137*87 


The mean time of 200 vibrations, deduced from these results, 
is I137"‘fi0 at the temperature ()0‘^*6. But the time observed 
on the 18lh of June is U3iV^*S7 at so that on this day 

the rate of the needle was less than the mean by l''* 70 , a difter- 
ence which corresponds to an increase of ’003 in the horizontal 
force. The observation of the 5th of Jidy exhibits a difference 
somewhat greater on tlie other side. 

G. The last source of error which requires to be noticed under 
this head, is the change of the magnetic cojulition of the needles 
employed. Indejitndently of the derangements of magnetic 
ecjuilibriuin induced by the presence of iron, or other disturbing 
causes, it is well known that most needles lose somethii|g of 
their original force. This loss is greatest at first ; and the needle, 
if originally well tempered and then magnetized to saturation, is 
usually found to arrive at a nearly settled state in about a year. 
Most of the cylinders employed in the following observations 
seem to have reached that condition ; and the changes of mag- 
netic state which they have exhibited are, except in the case of 
Cyl. S (A), unimportant. In order to detect any sucli changes, 
and to correct for them if they arise, it is necessary to observe at 
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tlu‘ placi' chosen us the base of reference, at the termination of 
each si'ries of observations, as well as at their connnencement. 
If it is tlien found that tlic needle has lost any small portion of 
its force, or if the time of vibration has augmented, the amount 
of the correction due to each result may be found by assuming 
the change to have been regtffar^ or proportional to the time 
elapsed. AVhen the loss is very small, however, (as was the case 
in the observations which form the subject of this paper,) the 
correction may be disregarded, provided we take as the time of 
vibration at the base of reference the mean of the times observed 
ai the (‘omiuencemcut and end of the series. 

TJu* needles used in the present series are the cylinders 

'//), L (A), made l^y Dollond, and belonging to Mr. Lloyd; 
cyliiulcr S ih) bclonguig to Captain Sabine, and cylinders R (r) 
and R(^/) in tlie posst'ssion of Captain James Ross. All the cir- 
cumstnnces of the observations are given in the annexed Table. 
J'he first, second, and third columns contain the place, (lay of t/ic 
nio)ith, and hour of the observation. In the fourth column is 
set down the observed tuue of 100 vibrations, or the immediate 
rcssull of observation divided by 3. The lifth column contains 
the tenu'mnl arc, the initial arc being in all cases 20°. In the 
sixth column is given the chronometer s rate; ifi the seventh the 
temperature ; and in the eighth the deduced or corrected time. 
Tlic hour, set down in the third column as the hour of ohscr - 
v;ition,is the mean of the commencement and end; and the re- 
conled temperature is also the mean of those observed at the be- 
ginning an(l end of tlic observation. It will appear from the pre- 
ceding that the corrections employed yi deducing the corrected 
from t lu^ observed times arc those due to temperature and to the 
rate of the chronometer. 

Beside the observations which follow there were some others 
of an earlier date, made for the purpose of comparing the hori- 
zontal intensity at Dublin and Limerick, the two stations with 
which all the other places in Ireland have been immcfliately com- 
pared. In the observations alluded to, the. rate of cylinder S (A), 
was observed in the Philosophy School, Trinity College ; and the 
local attraction of the building was determined by subsecpient 
comparisons of the force there with that in the garden, Trinity 
College, the place which was afterwards selected for all the Dub- 
lin observations. These earlier comparisons, as well as some 
other imperfect ones obtained previously to the autumn of 1834 
with two other cylinders, have not been included in the annexed 
Tables ; partly because the needles employed do not seem to be 
as trustvvorthy as the rest, but chiefly because of the imcer- 
laintics of the double comparison whicli they involve. 
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Table L 


Ti)ne of Jlhration of Cj/Undcr S (A) " . 



* The observations in London made by Captain J cimcs Ross ; all the others 
with this needle by Captain Sabine. 

■\ Limerick, garden at Somerville, one mile from town. — London, Regent’s 
Park. — Rallybiinan, field adjoining the inn. — (Jlcngariir, Mr. J'a’cIcs’s garden. 
— Killarney, Mucross demesne. — Tulla, Killanon, Mr. Molony’s garden. — 
'JVmplcmore, Sir 11. C’aiden’s grounds; local altraetion suspected. 
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Table I. — {Conthmed,) 


i 

riace < . 

Date. 

Hour. 

Time. 

Are. 

(Uonmcl 

Oct, 

19, 

h 

9 

m 

0 

40210 

*Sc3 

... ft) 

Jam crick 


L^9. 

12 

(\ 

404- 10 

2 " 

Fermoy 

Dec. 

o 

:5 

4,5 

399-9.3 

^ 6 

Jamerick 


10. 

2 

45 

AWHu 

.® ^ 

London 

July 

1. 

2 

4.3 

402-30 

1-0 




14 

402-38 

1*5 



5. 

9 

,54 

401-84 

1-0 




10 

21 

10 1-7:! 

1-5 




11 

1.3 

401-02 

2-0 




11 

40 

401-,50 

1-5 




4 

4<S 

401-74 

l-,5 



(). 

u 

5.3 

401 -.30 

2-0 




i 10 

30 

401-90 

2-0 



7. 

i 0 

32 

400-90 

: .2-0 


1 


; 10 

() 

401-09 

i 1-5 




! 10 

43 

401 -.53 

1-5 


Mean 



401-02 

• t. 

Limerick 

July 

.‘37. 

4 

* 0 

41.3-54 




11 

.58 

412-83 

i — 


Mean 


.... 

41. 3* 18 

1 - 



lime of Vibration of Ci/Vntder L (r/)t. 



* Clonmel, Darling Hill ; garden adjoining the house. — Fermoy, field near 
the river. 

I The first live observations, and those of December 19, 21, 23, 1835, made 
by (‘a])tain Sabine. All the others with this needle by Mr. Lloyd. 

I Dublin, Provost’s garden, Trinity College. — Arniagli, grounds of the ob 
servatorv. 












KIFTH RKPORT — 


hiii 


Table I. — {Continued,) 



Date. 

Hour. 

Time. 


Rate 

Ten 

Corr.l'imc, 



li m 






Cam 

Oct. 

1} r-7 

A/ fJ/ 

347-49 

30 

+ 3-0 

50*3 

348-10 

Strabane ... 


1 33 

348-0() 

3-5 


51-8 

348-51 

Enniskillen , 

24. 

3 45 

S47-()!) 

3-5 


38-5 

.348'43 

Dublin 

2:k 

3 31 

343-14 

4-0 


45-7 

311-01 


38. 

3 0 

343-39 

3-5 


53*0 




3 26 

343-49 

4-5 


53-0 

343-93 


Mean 


343-34 



500 

343-93 

Dublin 

Ang. til. 

36 

343-81 

3-0 

+7-3 

7w’o 

313-00 

Markrcc .... 

21. 

2 .‘{.5 

349-30 

3-5 


()9*3 

‘'t,s-7i 

Ballina 

22, 


349-ilO 

3-0 


71-5 

349-10 

Bclnmllet . 

2i. 

1 .".O 


L5 


(i9*5 

34.9-7.9 

A chill Ferry. 

2o. 

13 0 


3*0 



»lK-7<' 

Lcenan .... 

26. 

:j 5h 


3-0 


59-8 

348-18 

Onghterard., 

37. 

3 k; 

340-00 

4-0 


57'5 

310* 1!) 

Ennis 

38. 

3 13 

344-44 

.3-0 


75-3 

3 1.3-49 

Limerick ..... 

3J). 

.1'^ 

34.3-45 

3-5 


07*8 

.343-90 

Cork 

;ti. ! 

j I 4(1 

341-50 

3-5 


(;9*5 

310-90 

Waterford , 

Sept. 1 . : 

1 OO 

343-48 

3*0 


09*0 

341 -,93 

Broadway . 

c> 1 

1 

1 3 15 

.341-34 

3*0 


00*5 

3(0*83 



35 

341-30 

3*5 


00-3 

.340*87 


Alcan 


311-35 



004 

340*85 

Rathdniin 

B. ' 

4 8 

343-47 

3-5 


(>3*0 

.343-37 

Dublin 

L, 


343-70 

4-0 

f(iO 

57*8 

343-81 


14. 1 

2 39 

343-93 

4-0 


00-3 

343-89 


In. 

3 36 

343-14 

2*5 


03-8 

343-89 



3 2 

343-73 

3-0 


03-5 

34:V50 


Alcan 


343 62 



01-3 

.343-53 

London .... 

19. 

11 4S 

330-51 

3-0 


()8*(; 

335-98 



3 44 

330(»5 

2-0 


09-4 

330-07 



13 43 

330-03 

35 


73-3 

3.35-S9 


Alcai 


330-00 



70*1 

335-98 


* Cam, an open field near the barracks. — Strabane, an open field adjoining 
the town. — Knniskillen, field near toAvn. — IMarkree, demesne of tbc castle, part 
surrounded with tall trees. — Ballina, open field near town ; no shelter from sun. 
— Bclmiillet, on the beach, at extremity of Broadhaven,— Achill Ferry, on the 
beach, near ferry. — Leeuan, field at extremity of Killery harbour. — Oughterard, 
in a wood near the river. — Funis, open field near town. — Limerick, garden at 
Somerville. — Cork, demesne on the banks of rivm-, between (nrk and lilaek- 
rock. — Waterford, demesne ad joining the river, side opposite town. — Broadway, 
open field. — Uatluinnn, demesne of Avondale; deep wood. — London, West- 
bourne Green, Harrow lload. 
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Table I. — [Continued.) 


Time. Are. Rate. Temp. Corr.Timc. 



* First six observations, and tho.se of 21st and 23rd of December 1835, 
made by Captain Sabine. All the others with (his needle by Mr. Lloyd, 
t Carlinj^ford, open field cast of town. 
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Table \.—{ConHnue(L) 


Place >. 

Bate. 

Hour, 

Time. 

— 

Ait. 

Rate. 

'IVini). 

(’orr. 'I'iint'. 



h m 

// 

0 

// 

0 

// 

Colerain ...... 

Oct. ]8. 

4 3 


3*0 

+.2-0 

47*.) 

201*55 


20. 

1.2 44 

2!)1(U 

3-0 


57-0 

204-78 


Mean 


21)413 



52*5 

204(;(; 

Cam 

21. 

2 2H 

2!)707 

2-(i 

... 

51*2 

3!)7-71 

Strabane 

23. 

12 57 

2!)7(i0 

2*5 


51*5 

208*22 

Enniskillen ... 

.24. 

3 14 

2!)(>-50 

3*0 


42*0 

207-83 

Dublin 

25. 

4 0 

2!)2-70 

3*0 


40-8 

203-(;0 


28. 

2 .•«> 

2!):4-l4 

3-5 


54*0 

203-57 


Mean 


3!)21)2 



50-4 

203-02 

Dublin 

Aug. )!). 

3 3 

2i);i-7<i 

2-0 

+7-5 

720 

20.2-80 

Markrce 

21. 

12 45 

.mi 4 

2*0 


0()*8 

,200-()0 



1 57 

.300-84 

2-0 


734) 

200-01 


Mean 


.•tOO-40 

. • . 

. . . 

(i!)4 

20!)*75 

Ballina 

.>.j> 

2 20 

301-75 

ins. 


75*7 

300*53 

Bclmullct ... 

21. 

12 2(1 

302-2:i 

1-0 

... 

05*5 

301*78 



1 15 

301-08 

1-0 


(;!)-o 

301. .27 


-Mean 


30.2-10 

... 


(!7-2 

301.52 

Achill Ferry 

.25. 

1 35 

SOOCl 

1'5 


08*0 

200-08 

Lcenaii 

2(). 

3 32 

2!)H-(!.) 

1-5 


50*5 

208*()0 

Oughterard . . . 

27. 

2 53 

200-34 

3-0 

... 

.'(H-3 

20(;-44 

Ennis 

28 

3 18 

204-(n 

1*5 

... 

74'5 

203*52 

Limerick 

20. 

2 2(> 

202-07 

.2*5 


(!7-8 

202*38 

Cork 

31* 

1 11 

280*58 

1*5 


(>8-3 

288-07 

Waterford ... 

Sept. 1 . 

1 20 

20.2*13 

1*5 

... 

fi8-3 

201-51 

Broadway . . . 

.2. 

2 4(1 

200*21 

1*5 


(j7'5 

280-(;4 

Ratlidruin ... 

3. 

3 42 

2J)205 

3-0 



202-07 

Dublin 

12. 

4 41 

203- k; 

3-0 

rfO-0 

58-3 

203*27 


14. 

2 3 

203-47 

3*5 


Cl 0 

203*38 


15. 

2 0 

t 20.3-02 

2-5 

! 

C4-5 

203*27 


Mean 


203-4.2 

• a. 


Cl -3 

203 31 

London 

: 

11 20 

284-40 

2-0 


C!)0 

28:VH0 



3 10 

.284*51 

2*5 


CC-3 

284*05 


22. 

12 17 

285-03 

3-0 


71-8 

.281-17 


Mean 


281*07 

. . . 

... 

C!)4) 

284-01 

London 

Oct. 23. 

12 53 

282 ()5 

3-5 

+7-8 

53-3 

28.3-17 


24. 

12 12 

282-70 ' 

3-5 


53-8 

283-24 



12 33 

28.2 84 

;i-o 


5.1() 

283-31 



1 57 

282-34 

lio 


.')4-3 

,282-72 


Mean 


28.2*05 


• • • 

53-0 

283*11 

Dublin. 

Nov. 5. 

1 10 

.202-01 

25 


.WO 

202*05 


(). 

11 55 

.2J)2*50 

2-0 


48-8 

203-38 



2 23 

202-07 

3-0 


48-4 

.203*40 


Mean 


202 (»2 

... 


50-7 

2o;i-,27 


* Colerain, drincsnc adjoining tlio town ; spot near river surroumled by tall 
trees ; local attractionjipparcnlly due to basalt. 
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Table I. — {Continued,) 


Place. 

Date. 

Hour. 

Time. 

Arc. 

Rato. 

Temp. 

Corr. Time. 



h in 

// 

0 

n 

o . 

// 

Limerick 

Dee. 21. 

1 6 

291*10 

... 

+ 4.0 

300 

2!)tJ-84 



1 44 

291*14 


+40 

36*0 

292*88 


23. 

11 53 

291*49 



33*2 

2!);!-44 


Mean 


291*24 



35*1 

2.03-05 

Dublin 

29. 

12 44 

292*42 

2*5 

+5-5 

49-7 

293-15 



1 8 

29219 

2*5 

1 

47*8 

293*00 


Mean 


292-30 



48*8 

293-10 

Dublin 

Jan. 11. 

10 55 

291*85 

2-6 


35*2 

293*64 


12. 

10 37 

291*81 

20 


32*5 

293*80 


Mean 


291*83 

1 ... 


33-8 

1 293*72 


Time of Vihralion of Cylinder R (c)^. 


Placet. 

Date. 

Hour. 

Time. 

Arc. 

Rate. 

Temp. 

I 

Corr. 'rime. 

London 

July 8. 


440*08 

0 

1*5 

ft 

+ 1-4 

0 

58*0 

44022 


10 9 

440-57 

1*5 


60*0 

440*50 



12 20 

441*03 

2*0 


64*0 

440*72 



4 17 

441*33 

2*0 


00*0 

440-88 


9. 

11 26 

441-93 

1*0 

« t • 

570 

442 15 



2 15 

441-55 

1*0 

. . - 

61*0 

441*46 



6 10 

441*06 

1*0 

... 

61*0 

440-97 


10. 

11 7 

441*76 

1*5 


64*0 

441*45 



4 47 

441-78 

1-2 

V » • 

62*0 

441-62 


14, 

10 41 

441*31 

1*5 


58*0 

441*45 


15. 

6 51 

440*97 

1*5 


54*0 

441*42 



11 11 

443*26 

1 1*0 


66*0 

442*81 



2 31 

443*40 

1*5 

. . . 

70-0 

442*64 



8 24 

440-86 

1*5 

. • . 

55-0 

441 23 


16. 

7 39 

441*19 

1*0 

. . . 

52*0 

441*78 



11 35 

442-68 

1-0 

... 

64*0 

442*37 



8 2 

441*53 

1-0 


57*0 

441-75 


18. 

10 14 

443-32 

1*0 

... 

65*0 

442*93 


19. 

7 35 

441*00 

1*5 

« . . 

48*0 

441*89 


Mean 


441*61 

... 

. • . 

60*1 

441*59 

Limerick 

July 27. 

3 57 

453*31 

1*5 

+ 1*2 

685 

452-65 


28. 

12 39 

454*60 

2*0 


60*0 

454-.59 



1 7 

454*00 

1*5 


59*0 

454*13 



1 40 

454*18 

2*0 

... 

59*0 

454*25 


* Observed by Captain James Ross. 

t London, Westbourne Green, Harrow Road. — Limerick, garden at Sor 
villc. 

18.35. K 
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* Dublin, Provosts Garden, Trinity College. — Markrce, demesne of castle; 
spot surrounded by lofty trees. 

i Observed by Captain James Ross. 
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Table I. — {Conthined,) 


Place. 

Date. 

Hour. 

Time. 

Arc. 

Rate. 

Temp. 

Corr.Tirae. 

Limerick 

July 30. 

h 

10 

m 

41 

449-8!) 

o 

2-0 

// 

■f 1-2 

55-0 

450-27 


11 

10 

44!)-89 

2-0 

56*0 

450*19 



11 

40 

449-80 

1-5 


56*0 

450-10 



12 

14 

449-77 

1*5 


57*0 

449*99 


31. 

11 

29 

449*70 

2*0 


54-0 

450-15 



11 

58 

449-76 

2-0 


56*0 

45006 



12 

28 

44!)-!)l 

2*0 


57*0 

4.50-13 



12 

58 

449-92 

2-0 


580 

450-06 


Mean 



449-73 



57*5 

449-92 

Dublin 

Aug. 14. 

0 

36 

451-82 

25 


54*0 

452*27 



7 

5 

451-62 

3-0 


64*0 

452*07 



7 

35 

451-61 

3-0 


55*0 

451-99 


Mean 

. , 


451*68 



54-3 

452*11 

Markree 

Aug. 11). 

11 

40 

46219 : 

2-5 


59-0 

462*26 



12 

10 

462-00 I 

2*5 


59-0 

462*07 


20. 

8 

37 

462-54 

2*5 


54*0 

463*00 


Mean 



462*24 



57*3 

462*44 

London 

Aug. 28. 

7 

iV) 

437*91 

2-0 


53*0 

438*43 


7 

56 

438*42 

2*5 


56-0 

438*71 



9 

48 

439-01 

2*5 


60*0 

439*00 


29. 

9 

31 

439*43 

2-0 


60-0 

439*42 



10 

13 

439*52 

2*0 


60*0 

439*51 

1 


10 

42 

439*60 , 

2-5 


63*0 

439-36 

1 

Mean 


.... 

4.38*98 



58*7 

439*07 
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The computed results of the preceding observations are given 
in Table II. The first and second columns contain the place 
and the date of the observations; the third the name of the 
needle employed ; in the fourth column is given the memi time 
of 100 vibrations^ corrected for temperature and for the rate of 
the chronometer; and the fifth and sixth columns contain tlie 
computed values of tlie horizontal intensity; — the numbers in 
the fifth column being the ratios of the horizontal intensity at the 
place of observation to that at the station of the observer^ and 
those in the sixth being the ratios of the same force to that at Lon- 
don, to which place all the observations are ultimately referred. 

If T denote the reduced time of 100 vibrations at any place, and 
T' that at the station with which it is immediately compared, and 
if h and N be the horizontal intensities at the two places, the 
numbers of the fifth column arc computed from the formula 

4 _ / T' 

7/ \ T ;• 

Again, if h^ denote the horizontal intensity in London, the n'itio 
-^will be determined in the same manner; and, multiplying by 

it the numbers in the fifth column, we obtain the values of 4-5 or 

the ratios of the horizontal intensity at the places of ohservation 
to that at London, as given in the sixth and last column. 

The stations with which all the other places in Ireland are 
immediately compared are Dublin and Limerick ; and it will at 
once appear that, as the ratios of the horizontal force at these 
stations to that at Londoti enter as factors in all the final results, 
much accuracy is re([uired in their determination. For this pur- 
pose we have three distinct scries of observations. In the first 
and second the intensities of the horizontal force in Dublin and 
Limerick are directly compared with that in London ; and in the 
third these intensities are compared together. The results of 
these comparisons, given in Table 11., are here put together, so 
as to be seen at one view. 

I. Horizontal intensity in Dublin, the horizontal intensity in 
London being unity. 

July, Aug. 1835 Cyl. R (c) Int. = -9450 

— R(d) — 9421 

September, 1835 — L (a) — •9.390 

_ .9370 

Oct., Nov., 18.'55 — F. (a) — -O.-llO 

— L (5) — -93)9 

Mean = -9380 
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M. Hori/ontal intcnaity in Limerick, the hori/onUil intensity 
ill London being unity. 

July, Aiig^., Sept. 1834 ... Cyl. S (b) Int. = *0306 

July, 1835 - ~ ~ WO 

Jul\% August 1835 — R (c) — •94()1 

— R(d) — -9513 

Mean = *.9460 

III. Horizontal intensity in Limerick, the horizontal intensity 
in Dublin being unity. 

Sept., Oct., 1834 Cyl. L (a) Int. = 100()4 

— L(b) — 1*0044 

July, Aug. 1835 — R (c) — 1*0005 

— R(,/) - 10098 

Aug., Sept. 1835 — L (a) — 1*0027 

— L (b) — 1*0047 

Nov., Dec., 1835 — L (a) — 1*0001 

— L (b) — 1.0021 

Mean = 1*0038 

If then .V and;/ denote the horizontal intensities in Dublin and 
Limerick, that in London being unity,, observation gives 

.r = -DaBO, V = *9460, ^ = 1-0038, 

* 

and it is re([uired to determine the fuosi prohahle values of x 
and If. To generalize this problem, let the mean results of 
observation be (/, A, c*, and let their weights be A, B, C respec- 
tively ; so that we have 

X — a = 0, weight = A, 

If — A = 0, B, 



it and b being approximate values of x and //, let their true va- 
lues be 

.r = rt + 5.j-, = 

and let = c„ then ^ = = c, + ir' {ly - c,l.v), 

the squares and higher powers of the quantities 8 .r and 6 // being 
neglected ; so that the j)receding equations may he written 

S,c=n, 8// = 0, 
ily - r,l.r) -|- r, - r = 0. 
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These three equations are to be combined by the method of least 
squares ; that is, each eiiuation is to be mvdtiplied by its weight, 
and by the coefficient of each unknown quantity separately, and 
the two sets of results added together will be the final equations 
from which the values of the two unknown quantities are to be 
determined. We find in this manner 


A 3 .r — C Cf ir' (tr^ h i/ — u~' h x + i) — c)s{) 
B ^ V + C (rt“‘ 01 / — 2 X + c, — c) =s 0, 


from which we obtain, by elimination, 

If the weights of the three results be regarded as eipial, that 
is, if 

A = B = C, 

the preceding values become 


«.(■ = 


Ihr 

+ c; + 1’ 



« (<■; - <') 

+ 1)^ + 1 ■ 


To apply these results to the present case, we have 


a = '9380, b = -DKiO, c = 1'0()38 
1'90H5, — r = *0017 ; 

and introducing these values into the preceding expressions, we 
find 


8,r =s - 8y = ’OOlo, 
so tliat tlic corrected values of x and y are 
.f = -aiys, !/ = -9445. 
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Table II* 

Intmsitij of the Horizontal Force. 
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Table 11. — [ContiuHed.) 


IMacc. 

Date. 

Markrcc 

Aug* 19, 1835. 
1.9,20. 

Dublin 

Aug. 19. 

Sept. 12—15. 
Aug. 19. 

Sept. 12 — 15. 

Markree 

Aug. 21. 

Ballina 

22. 

Belmullet 

24. 

Achill Ferry 

25. 

Lcemin 

2G. 

Ougbterard 

27. 

Ennis 

28. 

Limerick 

Aug. 29. 

Cork 

31. 

Waterford 

Sept. 1. 

Broadway 

2, 

Ratbdrum ......... 

3. 

Dublin 

12-15. 

London 

19-22. 

London 

Oct. 23, 24. 

Dublin 

Nov. 5, G. 

Difldin 

Nov. Dec. Jan. 

Limerick 

Dec. 19,21,23. 


Cyl. Time. Int.(l) Int.(-2) 



* Disiiirbiii" influence suspected in tliis observation ; tlie result ba.s been 
therefore omitted in deducing the number in the last column. 
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II. Dip and Intensity, 

All the observations with dipping needles are comprised in the 
two Tables which follow. The first (Tab. III.) contains the 
results obtained witli needles of the ordinary construction, and 
used exclusively for the determination of the dip. In the first, 
s(?e()nd, and third columns are given the phice^ day of the mouthy 
and hour of observation. The fourth column contains the observed 
iiK'lination (the mean of the usual 8 readings) when the marked 
end of the needle is a north pole ; the fifth contains the similar 
result of observation with the^jofev reversed^ and the sixth is 
the mean of these angles, or the resulting dip. The needles em- 
ployed are Needle L ( 1 ) constructed by Robinson, and Needle S (1 ) 
made by Dollond; the latter of these is 11^ inches in length, the 
former inches. 

Tabic IV. contains the observations made for the purpose of 
determining the dip and intensity at the same time ; the latter ele- 
ment being deduced from the direction in which the needle rests 
under the combined influence of magnetism and gravity, while 
the former is inferred from the position assumed under the in- 
fluence of tlie earth’s magnetism alone. Each of these angles of 
direction is deduced from the usual eight readings, all the re- 
versals being made just as in the ordinary mode of observing the 
dip, the reversal of the poles of the needle excepted. These 
angles are given in the fifth and sixth columns of the table ; 5 
is the angle which the needle makes with the horizon when un- 
loaded^ and J the inclination when a small weight is attached 
to the southern arm at a fixed distance from the centre. The 
temperature is noted at the commencement and end of each ob- 
servation, with the view of correcting the value of the force 3 and 
the mean temperature is set down in the fourth column of the 
table. The needles employed in these observations are of the 
same dimensions as those used for tlie determination of the dip 
alone, and are adapted to the same divided circles. Ilirce small 
holes are drilled close to each other on each arm, at a distance 
from the centre about two thirds of its length ; and much care 
has been bestowed to make them coincide accurately with the 
axis of form of the needle. The weight is a small cylinder of 
brass, which is inserted in one of the holes on the southern arm, 
the diameter of the cylinder corresponding accurately to that of 
the hole. This weight is so adjusted as to bring the needle into 
a position nearly at right angles to the line of the d^), that being 
the position in which the resulting value of the force will be least 
affected by the friction of the axle on its supports. 
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Table III. 

Observations of Dip, — Needle L (1)*. 


Place. 

Date. 

Hour. 

N. 

Pole. 

s. 

Pole. 

Dip. 




h 

111 

o 

/ 

o 

/ 

o 

/ 

Limerick ... 

July 

1834. 



70 

59*4 

71 

1-8 

71 

0*6 





70 

58-0 

70 

52*6 

70 

55*3 






71 

3*6 

70 

59*8 

71 

1-7 






71 

1*6 

71 

3*2 

71 

2-4 





j 

70 

5(5-0 

70 

58*4 

70 

57-2 



Mean 



70 

.59-7 

70 

59*2 

70 

59*5 

Dublin ...... 

Aug. 

7. 



70 

48-2 

70 

55*0 

70 

51-6 


8. 



70 

55*9 

70 

59-4 

70 

57-6 



9. 



70 

55*5 

70 

53*1 

70 

54*3 



19. 



70 

47-7 

70 

51*3 

70 

49*5 


Sept. 

22. 



70 

47*4 

71 

4*5 

70 

56*0 


23. 



70 

48*5 

70 

69-0 

70 

53*8 



Mean 



70 

50*5 

70 

57-1 

70 

53*8 

Carlin ^ford . 

Oct. 

13. 

12 

20 

71 

20 

71 

30(5 

71 

16-3 

Armagh 


14. 

12 

30 

71 

27-2 

71 

33 1 

71 

30*2 



15. 

12 

10 

71 

30(5 

71 

34-8 

71 

32-7 



Mean 



71 

28-9 

71 

34*0 

71 

31*5 

Colerain f ... 


20. 

11 

25 

71 

11-8 

71 

19-4 

71 

15*6 

Cam 


21. 

12 

45 

71 

48*2 

71 

47-5 

71 

47-8 

Strabane ... 


23. 

11 

40 

71 

47*2 

71 

56*0 

71 

51*6 

Enniskillen . 


24. 

2 

28 

71 

48*5 

71 

475 

71 

48*0 

Fernioy 

Dec. 

2. 



70 

28*1 

70 

44-5 

70 

36*3 

Markree ... 

Aug, 

21. 1835. 

12 

0 

71 

54-(> 

71 

51-2 1 

71 

52 9 




4 

45 

71 

5.5*6 

71 

53*1 

71 

54*4 



Mean 



71 

55*1 

71 

52*2 1 

71 

53*6 

Ballina 

Aug. 

oo 

4 

15 

71 

58*8 

73 

50 

72 

1*9 

Belmullet ... 


24. 

10 

45 

71 

59-7 

72 

57 

72 

2*7 

Achill Ferry . 


25. 

10 

0 

71 

52-2 

71 

56*6 

71 

54*4 

Galway 


28. 

7 

50 

71 

20*4 

71 

23*4 

71 

21 9 

Ennis 



4 

20 

70 

55-6 

71 

7-4 

71 

1*5 

Limerick ... 


29. 

1 

10 

70 

540 

70 

49*8 

70 

51*9 

Cork 


31. 

12 

0 

70 

26*5 

70 

32*1 

70 

29-3 

Waterford... 

Sept 

. 1. 

12 

8 

70 

40*5 

70 

34*7 

70 

37*6 

Broadway ... 

2. 

1 

30 

70 

14*8 

70 

240 

70 

19-4 

Gorey 


3. 

8 

51 

70 

45*0 

70 

41*8 

70 

43-4 

Rathdrum ... 



2 

30 

70 

39*9 

70 

42*3 

70 

41-1 

Dublin 


4. 

1 

30 

70 

44*4 

70 

49*0 

70 

4(5*7 



5. 

1 

50 

70 

53*0 

70 

58*2 

70 

55*6 



7. 

3 

35 

70 

56*0 

70 

52'5 

70 

54*2 



9. 

2 

45 

70 

55*7 

70 

53*1 

70 

544 



14. 

12 

35 

70 

55*9 

70 

57*5 

70 

56-7 



15. 

11 

55 

1 70 

55*8 

70 

50*8 j 

70 

53*3 



Mean 



70 

53-5 

; 70 

53-5 ' 

70 

53*5 


♦ The observations in Limerick (July 1834) and that in Fcvnioy (Dec. 2), were 
made by Captain Sabine : all the other observations with this needle by Mr. Lloyd, 
f Evident local disturbance at this place : Rock, basalt. 
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Table 


i\WfcS(l)* 


Pkp. 

Date. 

Hour. 

N.Pole. 

S. Pole. 

Dip. 

1 

Limerick 

Aiig. 1. 1834, 


71 m 




Ib’f. 


7«t5 

/1 22*3 

71 5'4 


Mean 


71 IM 

70 53'3 

71 35 

Glengariff... 

Sept.27. 


70 

71 9-0 

71 36 


28. 


70 ,t4 

71 1« 

71 M 


Mean 


70 51'4 

71 li’O 

71 H 

Killariiey ... 

Oct. 4. 


71 S’O 

71 3'4 

71 4'6 

Tiilla 

12. 


71 lO’S 

71 15-4 

71 15'8 


♦ All tlie observations witli Needle S (I) were made by Captain Sabine. 

I The needle was nibbed on a hone in the interval between the observations 
(Alio. 1 and lC);-the marked end most. 
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Tahlk IV. 

Observations of Dip and Intensity, — Needle L (4) 


riace.f 

Date. 

Hour. 

i 

Temp. 

(^.) 

«).) 



h m 

0 , 

0 • 


Limerick ... 

June 21. 1834. 


64-0 


— G 5.r0 


July 22. 


650 


- 7 lOG 


28. 


65*0 


- G 21*3 


Mean 


G4-7 


- 6 49-0 

London 

Aug. 2H. 

2 35 

700 

6!) 8-0 

-11 53*2 


29. 

12 42 

G8-5 

G9 8-5 

--12 7*4 



1 18 

677 

G9 5*6 

-12 .2G1 


Mean 


687 

G9 7*4 

-12 8*9 

Dublin 

Sept. 22. 

2 15 

GLO 

71 2-2 

- 8 5-G 


23. 

2 4.5 

62-5 

70 53-8 

- 7 37.0 


2G. 

2 40 

662 


- 7 59-G 


29. 

2 40 

G2*5 

70 44-8 

- 8 9-5 


Mean 


63 0 

70 53 G 

- 7 f)7'9 

Carlingford . 

Oct. 13. 

12 52 

61*2 

71 20G 

- 5 29*4 

Armagh 

14. 

1 5 

48-8 

71 l!)-4 

- 7 7-4 

1 

15. 

12 38 

520 

71 33*2 

- 7 15-2 


Mean 


50-4 

71 2G*3 

- 7 11*3 

Colerain ... 

20. 

12 2 

56-3 

71 12*2 

- 8 19*2 

Cam 

21. 

1 28 

49*5 

71 49*6 

- 5 4-8 

Strabane ... 

23. 

12 18 

1 48*8 

71 39*4 

- 5 59*1 

Dublin 

25. 

3 15 

: 47*0 

70 54*1 

- 8 53*9 

Dublin 

Aug. 19. 1835. 

1 13 

71*5 

70 51 *6 

[ -13 4*9 

Markree ... 

21. 

3 50 

G7-0 

71 55*6 

-11 2*6 

Ballina 

22. 

3 50 

66-5 

71 51*8 

-11 ]5*2 

Belmullct ... 

24. 

11 15 

65-5 

71 57*5 

-10 5G-2 

Achill Ferry . 

25. 

10 37 

C20 

71 53-2 

-10 49-2 

Galway 

28. 

8 18 

59-0 

71 17*4 

-11 91 

Ennis.... 


4 45 

67*2 

70 59*1 

-12 )*G 

Limerick ... 

29. 

1 40 

G9‘2 

70 47*5 

-12 32*0 

Cork 

31. 

12 30 

68-5 

70 33*2 

-13 18*5 

Waterford... 

Sept. 1. 

12 35 

6C-2 

70 38 8 

-13 38*6 

Broadway ... 

2. 

2 0 

GG-8 

70 31*6 

-13 33*5 

Gorey ...... 

3. 

8 30 

GO-0 

70 43*1 

-14 M 

Rathdrum ... 


3 0 

64*7 

70 40-8 

-13 58 0 


* The observations in Limerick (Juno, July 18IH) were made by Captain 
Sabine; all the other observations with this needle by Mr. Lloyd, 
t London, Sir Janies South’s observatory, Kensington. 
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Table IV. — [ConlinueiL) 


riacf* 

Datf. 

Hour. 

Temp. 

(^•) 

(4.) 



h m 


jo / ^ 

0 / 

Dublin 

Sept. 4. 1835. 

1 50 

71-8 

70 43-6 

-12 29'4 


5, 

2 19 

()5-5 

70 52-8 

-13 15-4 


7. 

4 8 

70-0 

70 52-2 

-13 20-8 


1). 

3 5 

• •• 

70 46*2 



14. 

1 5 

... 

70 53-4 



15. 

12 25 

62Q 

70 55-0 

-13 10-5 


Mean 


673 

70 50-5 

-13 4-0 

London ... 

Sept. 19. 

1 0 


69 5-8 




1 10 

68-0 

69 7-4 

-16 54-2 



11 32 

70'8 

69 124 

-17 1()3 



1 45 

700 

69 13-6 

-16 49 4 


Mean 

• •• 

60-6 

(59 9-8 

-17 00 

London 

Oct, 23. 

11 33 

50*5 

69 106 

-1(5 32 0 



2 25 

51*6 

6!» 2’2 

-16 3.r4 


24. 

1 16 

53-8 

1 69 6'0 

-16 44-4 


Mean 

... 

520 

1 69 6 3 

-16 37-3 

Dublin 

Nov. 5. 

12 22 

.56'2 

; 70 49-6 

-12 54 (5 



2 32 

52-8 

70 45-8 

—12 54-5 


(». 

1 15 

49-0 

70 53-9 

-12 36 6 


Mean 


52-7 

70 49-8 

-12 48-6 


iVm7/<?S(2)t. 



Limerick J... 

July. 1835. 


()30 

71 16-9 

-15 9 0 

Ballybunan . 

Nov. 8, 


520 

71 29’ 1 

— 13 56'3 

Valentia 

12. 


470 

71 15'0 

-14 37-3 

Dingle 

18. 


43-0 

71 17-7 

-13 45 8 

Tulla 

Dec. 10. 


470 

71 36-5 

-14 4(5 0 

Limerick § ... 

2(5, 27 


450 

71 14-6 

-15 2!)-6 

Youghal li ... 

29. 


470 

70 49-0 

-16 05 

Limerick ... 

Jan. 4. 1836. 


52-5 


-15 23 7 


♦ Limerick, garden at Somerville.— Ballybunan, in the field in front of Capt. 
Raymond’s Lodge.— Valentia, on the sea beach at “ the Foot.” — Dingle, on 
the sea beach at Lord Ventry’s. — Tulla, Kiltaiion, Mr. Molony’s demesne. — 
Youghal, in the garden of the “ Devonshire Anns” inn. 

f The observations in Limerick, July 1835, made by Captains Sabine and 
Ross ; all the remaining observations with this needle by Captain Sabine. 

I ^ a mean of 4 observations ; ^ mean of 3 obs. 

§ f a mean of 3 obs. ; 6 mean of 2 obs. 
il Mean of 2 obs. 
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When the observations of dip made at the same station with 
different needles are compared together^ it will be found that 
they are by no means in accordance. Thus the dip at Limerick 
in November, 1 833, deduced from four observations with a needle 
on Meyer’s principle, was7J‘^ 1L*7> while the mean of five ob- 
servations with needle L (1) at the same place and in the fol- 
lowing year was only 70° 59'*5, differing from the former by 12'. 
When from this difference the amount of the annual cliange is 
deducted, the remainder appears to l)e greater than can be fairly 
ascribed to the errors of observation. But these discrepancies 
in the results given by different needles have been placed in the 
strongest light by the recent observations of Captain James 
Ross in London. In these observjitions, which were undertaken 
with the view of determining the amount of the annual decrease 
of dip at London, eight different needles were employed, and 
from eight to ten observations were made with each, the result 
of each separate observation being a mean of eighty readings. 
The results were as follow’ : 

Needle B (1), Admiralty . . (10 obs.) . . . dip = 09 1'5 

Needle L (1) (9 obs.) . . . 69 6*3 

Needle S(]) (8 obs.) . . . 69 11*3 

Needle J (10 obs.) . . . 69 16*1 

Needle 11 (10 obs.) . . . 69 18*9 

Meyer’s needle (8 obs.) . . . 69 19*6 

Needle B (2), Admiralty . . (10 obs.) . . . 69 21*8 

Needle P (8 obs.) . . . 69 42*6 

Mean dip = 69 17*3 

Thus it appears that there is a difference amounting to 41' in 
the results of two of the needles used ; and that this difference 
is very far beyond the limits of the errors of observation wiW 
appear from the fact that the extreme diff erence in the partial 
results with one of these needles (B (0) does not amount to four 
minutes and a half, while w ith the other (P) the extreme differ- 
ence is only two minutes. In fact, it so happens that these 
very needles which differ most widely in their mean results, are 
those in which the accordance of the partial results is most 
complete. Of the eight results obtained with needle (P), there 
is one only which differs from the mean of the eight by a single 
minute; and yet the mean of all the observations with this 
needle differs by more than 20' from the mean of any of the 
others, while its excess above the mean of the entire series 
amounts to 25'. 

These differences cannot be ascribed to any partial magnetism 
in the apparatus, for three of the Jieedles (J, I^ and R) were of 
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tlie same dimensions and were used with the same circle, and 
yet their results, as we see, are widely discordant. We must 
seek, then, in the needles themselves the cause of these perplex- 
ing discrepancies, and we are forced to conclude that there may 
exist, even in the best needles, some source of constant error 
which remains uncorrected by the various reversals usually 
made ; and that accordingly no repetition of observations with 
a needle so circum.stanced can furnish even an approximation to 
the absolute dip. If this error be due to the incomplete adjust- 
ment of the needle (such as deviation of centre of gravity from 
the axle, &c.) its magnitude will be a function of the dip, and 
of the force, which may be assumed to be constant where the 
variations of tlicse elements are not considerable. Hence, to 
determine its amount for any particular needle, it is necessary 
to make a careful series of observations with it at some station 
for which the dip has been accurately determined (from the 
mean of several needles) ; and the difference will be a constant 
correction to be ap[»lied to all future results within certain 
limits. 

It fortunately happens that the two ordinary needles used in 
the present series of observations in Ireland were among those 
employed by Captain James Ross in London ; so that their cor- 
rections may be considered to be accurately known. The mean 
difference of the values of the dip as given by needles L (1) and 
L (4) having been well determined by observations elsewhere, 
the results obtained with the latter needle in London may be 
grouped with those of the former. Thus, the mean of seven 
observations made with needle L (4), September and October, 
1835, (when reduced to needle L(l),) is 69° 9'’8. If then we 
combine this with the direct result of the nine observations with 
needle L (1), viz. 69° 6'’3, (allowing double weight to each of the 
latter observations on account of the double number of readings,) 
we find 69° 7^*3 as the mean value of the dip deduced from six- 
teen observations with the two needles, and reduced to needle 
L (1) as the standard. Comparing this with the mean result of 
the eight needles, the correction of needle L (1) is found to be 
+ lO'-O. 

For the other needles employed in Ireland, we have 

Needle S (1) .... correction = + 6'*0. 

Meyer’s needle — 2'’3. 

With, respect to Meyer’s needle, however, it is to be observed 
that as the angles from which the dip is deduced differ in ge- 
neral very widely, and as these angles are usually varied in dif- 
ferent observations with the same needle, there is a presumption. 
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at least, that every constant error will be removed by repetition, 
and that the differences of the separate results from the absolute 
dip will be equal on the positive and on the negative side. This 
seems to be confirmed by the amount of tlie final difference in 
the present instance, whicli does not appear to be larger than 
may be fairly ascribed to the errors of observation. It seems 
better therefore to regard this needle as subject to no constant 
error. 

The degree of confidence to which these determinations arc 
entitled, may now be estimated by applying the corrections so 
obtained to the observations made with these needles at Limerick 
in 1 833 and 1834, the only other station at which they have been 
all employed. The observations in the former year are reduced 
to the latter, assuming the annual decrease of dip in Ireland to 
be 3'. The very close agreement of the results must of course 
be regarded as in a great measure accidental. 


Obs. Dip. Corr. Dip. 

Needle L (1), July 1834 . , . f{) 59-5 . . . 7°1 9*5 
Needle S (1), Aug. 1834 ... 71 .3*5 . . . 7l 9*5 
Meyer's needle, Nov. 1833 . . 71 11*7 ... 71 9*7 
We have hitherto spoken only of the needles whose poles are 
changed in each observation, and which arc used exclusively for 
the determination of the dip. The necessity of a correction in 
the results obtained with the other needles, whose poles are un- 
altered, is obvious. By reason of the deviation of the centre of 
gravity of the needle from the axle, the weight of the needle it- 
self has in all cases a certain moment acting with or against the 
directive force. 

Let 5, as before, be the inclination of the needle to the horizon 
when unloaded, and S the corresponding angle when the weight 
is attached, and let p denote the ratio of the moment of the needle 
itself to that of the added weight ; then the dip (8) will be given 
by the equations*. 

5 = ? + s 


sin e ss p 


cos 5 
cos S 


sin (? - fl). 


0 ) 


in w hich e is the correction sought. 

The constant coefficient p in the expression for this correc- 
tion will be known when the corresponding values of the angles 
8, ?, and 9 are known at some one station. Its value, in fhe 
case of Needle IV., has been thus found to be •()0205t. 


Trans. Royal Irish Acadevnjy vol. xvii. p. 4/)0, 


I Ibiil. p. 451. 
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It will easily appear, from the second of the preceding for- 
miihe, that when tlie coefficient is so small as that just assigned, 
the variations in the values of s, resulting from moderate chajiges 
in the angles on which it depends, will be inconsiderable. In 
the observations in Ireland, for example, the entire change in 
the amount of the correct ion is a small fraction of a minute. In 
this and other similar cases, therefore, the correction may be 
regarded as rousUmt ; and its value may be inferred from any 
series of simultaneous observations made with the needle to be 
corrected, and with some other wliosc correction is already 
hnown. In this manner it has been found that the uu an dilfer- 
ence of tlie results of needles L (1) and L (1) is — • Siv = + 1^*5 ; 
being somewhat smaller than that assigned above. But if 8 denote 
the ahsaiufe dip, we have alread}^ foniul tliat ^ 8r = + 10'*0; 
and adding tlu'se diflereiiccs, the correction of needle L (4) is 
8 ~ =. + I ] '-5. 

The correction of needle S (2) is infcn‘ed from the ol)serv'a- 
tioiis made witli that needle in Limerick, as given in Table IV. 

o / 

Limeriek, July 183.) . . . dip = 7l lb*9 
Dec. ... 71 14‘r) 

Mean ... 71 15‘8 

This mean corresponds, in time, to the middle of October 18.35. 
But the true dip in Limerick (July, August, 1834,) was found 
to be 7l^ 9'* 5 ; and when reduced to October 1 835 (assuming the 
annual decrease to be 3',) it is 71"^ C'*0. The correction of the 
needle is therefore — 9^*8 . 

Tlie corrections of the needles being determined, we may now 
proceed to deduce the values of the absolute dip at the several 
places at which observations have been made. These values are 
given in the following table (Table V.). In the first and second 
columns are written the j)iace and dale of the observation. The 
third and fourth columns contain the nyrrvvierl values of the dip 
deduced from the results of Tables 111. and IV. by the applica- 
tion of the corrections now explained, and the hflh and last 
column contains the mean dip inferred from the two preceding. 
In taking this mean, double weight has been assigned to the 
results obtained with needles of the ordinary construction, the 
number of readings w ith these needles being double of that made 
with the needles whose poles are unaltered. 


1835. 
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Table V. 


— Fhial Results. 


Place. 

I>ato. 

Dip (1). 

Dip (2). 

Mean. 

London 

August 1834. 
Aug., Sept. 

o f 

69 18*9 

69 18"9 

Dublin 

71 SS 

71 5*1 

71 4*1 

Limerick 

July, Aug. 

Sept. 27, 28. 

Oct. 4. 

12. 

73 9-5 

71 7-5 
71 10-5 

71 21-8 


71 95 

71 7*5 

71 10-5 

71 21*8 

71 28*2 

Glengariff 

Killarney 

Tulla 


Carlin|:ford 

13. 

71 26-3 

71 321 

Armagh 

14, 15. 

71 41-5 

71 37-8 

71 40-3 

Colerain 

20. 

71 25-6 

71 237 

71 250 

Cam 

21. 

71 57-8 

72 M 

71 68-9 

Strabane 

23. 

72 1*6 

71 60-9 

71 580 

Enniskillen 

24. 

71 580 
70 4G-3 
69 16*3 


71 58*0 

70 46*3 

69 17*3 

Fernioy 

London 

Dec. 2. 

Sept., Oct. 1835. 

69 19*8 

Dublin 

Sept. 4 — 15. 

71 3-5 

71 20 

71 30 

Markree 

Aug. 21. 

72 3-6 

72 7-1 

72 4-8 

Ballina 

22. 

72 11-9 

72 3-3 

72 9*0 

Bel mullet 

24. 

72 12-7 

72 9 0 

72 11*5 

Achill Ferry ... 

25. 

72 4*4 

72 47 

72 4*5 

Galway 

28. 

71 31*9 

71 28-9 

71 30*9 

Ennis 


71 11-5 

71 106 

71 11*2 

Limerick 

29. 

71 1*9 

70 59-0 

71 0*9 

Cork 

31. 

70 39*3 

70 44 7 

70 4M 

Waterford 

Sept. 1. 

70 47*6 

70 50-3 

70 48*5 

Broadway 

2. 

70 29-4 

70 431 

70 34 0 

Gorey 

3*. 

70 53-4 

70 54-6 

70 53-8 

Rathdrum 


70 51*1 

70 52-3 

70 51*5 

Dublin 

Nov. 5, 6, 


71 1-3 
71 60 
71 19-3 
71 5-2 
71 7-9 

71 267 
70 39 2 

71 1*3 

71 6*0 

71 19*3 

71 5*2 

71 7*9 

71 26*7 

70 39*2 

Limerick 

July, Dec. 

Nov. 8. 

12. 


Ballybunan 

Valentia ......... 


Dingle 

Tulla 

18. 

Dec. 10, 


Youghal 

29. 



The dip being known, the intensity will be given by the formula 
4> sin (S — 9) = jS cos 9, (2) 

in which is constant, and <p the measure of the force exerted 
by the earth on the needle. This force, however, varies with 
the temperature to which the needle is exposed; and it is ne- 
cessary to determine the amount of this variation before we can 
know the relative values of the terrestrial magnetic force at dif- 
ferent stations. Let then, be the observed^ and the standard 
temperature, and let be the value of ^ corresponding to the 
latter; then 


=s — a (# — f'), 


(3) 
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in wl^ich a 's a consent to be (b*tCKn’'ied by observation. For 
ncy e L ( ) ?t has been .ojad ilii.t 

a = -000? 6. 


Bub we nii*y proceed in aiio her wv\. which will perhaps be 
found convc jicdl in praci.ice. We may correct i!ie observed 
value of 9 by su jLracu’ng tie clnn'^e due to temperature; or, 
in other words^ we may reduce tlie value of 9 to that corre- 
spondinif^ to the standard temperature, and to the standard con- 
dition of the needle. For this purpose it is only necessary to 
find the relation between the corresponding changes of (p and 9. 
Difierentlating, therefore, the equation (2) with respect to these 
va’*iablcs, and dividing the result by the equation itself, we find 

_ cos 8 sin 1' 

9 cos 9 sin (8 — 9)’ 

t/9 being expressed in minutes. Now it is easy to see that the 
variations of the second member of this equation (arising 
from changes in the angles 8 and 9 on which it depends) will be 
inconsiderable for the limited extent of those changes in Ireland. 
Assuming it to be constant, therefore, its value will be given 
when we know the corresponding values of ^ and 9 at some one 
station. Thus, at Dublin, September 1835, it was found that 


8 = 7l^3'-0, 9 = -13° 0*^0 1 

from which we find the value of this constant to be ’00010. 
But, since (/ — • $' = — a 4)' member of 

the equation is 



•00016 [ 
d 


S'’ 


so that the correction is finally 

9' - 9 = + 

Now if 8^, and 9y be the values of <f>, 8, and 9 at the station 
with which the rest are compared, we have 

<f> sin (8 — 9) = ^ cos 9, 

<Pj sin (8^ — 9^) = /3 cos 9^ ; 

<p _ cos 9 sin (8f — i,) ^ 

(p, "" cos 9^ sin (8 — 9) ^ (4), 


and dwiding 


* Trans. Royal Irish Academy^ vol. xvii. p. 452, 

t It is obvious that the coefficient in this correction might have been deter- 
mined directly ^ by observing the angles $ and corresponding to very unequal 
temperatures. It did not seem safe, however, to subject the apparatus to the ac- 
tion of high artificial heat, and the thermo-electric currents induced by inequality 
of temperature would in all probability have sensibly affected the results. 

1.2 
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which expresses the ratio of the force at the two stations in a 
form suited to logarithmic calculation. 

The following table gives the results of this computation. It 
contains the phtre and date of observation ; the a/iglc 9 cor- 
rected for temperature j and the fatal iafeasift/ at each station, 
compared in the first instance with Dublin or Limerick, and in 
the second with London. 

For the intensity of the magnetic force at Dublin we have the 
tliree following determinations: 

Aug., Sept. 1S;M . . Int. = 1-0194 


Sept. 1845 1-021.3 

Oct., Nov. is3r> 1*0211 

Mean = 1 *0200 


The intensitj' at Limerick, compared Avith London, is obserA cd 
to be l*02fi2; and the intensity at the same place, compared 
with Dublin, is TOO.IO. Accordingly, for the determination of 
the values of tlic total force at Didilin and Limerick, observation 
furnishes us Avith three results, in the two former of whicdi the 
intensities at these tAvo stations are directly compared with that 
at London, while in the third they are com])ared together, ^'o 
infer from these data, therefore, the most probable values of the 
force at the tAvo stations, avc must proceed precisely as in the 
analogous probleni respecting the horizontal intensities, and we 
have only to substitute in tlie formulae already given for r, c, 
&c. their particular values. We have then 

a = 1-020G, h = 1-02G2, c = l-()0,3(), 

= l-()()5r>, (■,— t:= •002.), 

And since the comparison of Dublin and London is the mean of 
three distinct comparisoiLs, AAdiile each of the other tAAm results 
is inferred from one only, the ivcig/ds may be assumed as follow : 

A = .3, B = l, C = l. 

Substituting these values, therefore, in the formulae alluded to, 
AAX' find 

o.r + -0004, 5?/= - -0011 ; 

,r = a -p 5 = 1-()21(), ?/ = + 8// = 1*02,51. 

The numbers In the fifth column of the table are deduced from 
those in the fourth, by multiplying by one or other of these 
numbers, — according as the force at the station in question has 
been compared in the first instance wdth that at Dublin or with 
that at Limerick. 


* Prigc I a I. 
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Table VI. 


Intensify, — Needle L (1). 


Plaio. 

Date. 

Angle. 

: Inl.(l.) 

1 lilt. CJ.) 

London 

Aucust 18^14. 

0 / 

- n . 5 .V 0 


! 

1 1-0000 

Dublin 

September. 

- 7 54*1 . 


1 1*01.94 

Liineriek 

June, July. 

- G 41*5 


, ] 

Dublin 

Sept., Oct. 

- 8 44*9 

l-OOOO 

, 10210 

(kirlingford’^... 

(Jet. 1 

— :> 27 -'> 

101(!C 

; i-o:!7!) 

Armagh 

1 4, 1 5. ' 

- 7 20-7 

1*0044 

' 1*0255 

(’olerain* 

20. 

- 8 25*1 ; 

•9997 

1*0207 

(kirn 

21. 

— 5 21 G i 

1-0151 

jo;i(H 

Strabanc 

2;k 

- G 17-0 ; 

1*0100 

1*0412 

Dublin 

Aug., S(3pt. 18.45 ■ 

— 12 49*4 : 

1*0000 

1*02]0 

Markrec 

Aug. 21. 

- 10 51*4 j 

1*0091 

' 1*0404 

Da) linn 

22. 

-11 T8 . 

1-0077 

1*0289 

Belmullet 

24 ! 

- 10 ‘17*4 1 

1*0094 

1*0405 

A chill Ferry . 

25, 

- 10 4G*0 

l*009G 

1*()4()8 

Galway 

28. 

- 1 1 10-7 

1-008G 

1 0298 

Ennis 


- 11 .50*1 , 

, 1*0055 

1*02(>G 

Idmerick 

20. 

- 12 174 i 

1-0040 

1*0241 

Gork 

H], 

- 14 4-9 i 

•0992 

1*0202 

Waterford ... 

Sept. 1. 

- 14 28*7 

•99GG 

10175 

Broadway 

0 

- 14 22 G 

-.9970 

1*0185 

Gorev 

:i 

-14 ]•] 

•9944 

10142 

Ratlidruin ... 


- 14 .o0*5 

•9944 

1*0154 

liOndon 

Sept. 19 — 22. 

— IG 44 G 


1*0000 

Dublin ; 

Sept. 4—15. 

— 12 


: 10214 

London 

Oct. 24, 24. 

— IG ."lO l ; 


; 1*0000 

Dublin 

Nov. 5, G. 

-14 0-4 

j 

I 

' 1*0211 


Needle S (L>). 


Place. 

Date. 

Angle. 

Int. il). 

Int. (y.) 

Limerick 

July, Dec. 1835. 

- 15 19*4 i 

1*0000 

1*0251 

Ballybunan ... 

Nov. 8. 

- 14 5G-4 1 

1*0084 

1-0447 

Valcniia 

- 

- 14 47-4 , 

1-0047 

1*0299 

Dingle 

— 18. ! 

' - 14 45*8 

10007 

1*0450 

Tulia 

Dec. 10. i 

- 14 4()-0 

1-0035 

1-0287 

Limerick 

Dec., Jan. j 

- 15 2G G 

1-0000 

1-0251 

Yoiighal 

Dec. 29. 1 

- IG 0*5 

•0071 

1-0221 


* Evident local disturbance at these two stations. The distiict about Car- 
iingtbrd is intersected with trap dykes ; Colcrain lies within the basaltic field of 
the North-east of Ireland. 
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III. Isodynamic and Isoclinal Lines, 

On a re\‘<ew oT the precedin'^ rcsiito of ol); emit* on, it will be 
seen tht'i they much 5iav>nVvl.y. The eiTo>s of obser- 

vation (in wh'ch we are to incli'.(5e the ef/ects of the unsteadi- 
ness of the ina^neL'c state of the needles emp oyed. as well as 
the various Other uncertahities arising froiii tlie iuiperfections 
of our methods of observing,) have, of course, their sliarc in 
these discrepancies ; bat they are by no means sutliciCiit to ex- 
plain the whole. The action of the earth on the magnetic needle 
is itself subject to irregularities, temporary as wxdl as local 3 and 
it is to these that the observed anomalies must, in great part, be 
ascribed. Of the variations of the former kind we have already 
spoken. The direction and intensity of the terrestrial magnetic 
force, at a given place, arc subject to fluctuations, or irregular 
oscillations round their mean state, the cause of which is as yet 
little understood ; and it is only by means of simultaneous ob- 
servations, made at some fixed station within the limits of the 
district through which these effects take place, that we can hope 
to ascertain their amount, and to correct for them. Of the local 
disturbing causes some arc sufficiently obvious. Thus the needle 
is in general affected by the vicinity of basaltic rocks, owing to 
the quantity of iron they coiitain 3 and instances have been ob- 
served in which these rocks were even found to possess magnetic 
polarity’*^. But there seem to be grounds for believing that dis- 
turbing actions of a local nature arc exerted on a much larger 
scale. Whether the earth’s magnetic force be an inherent pro- 
perty, and the resultant of the forces of all its parts, or wdiether 
it be simply the effect of thermo-electric currents produced by 
the heating action of the sun, the result must in either case be 
greatly modified by the configuration of a country, and by the 
nature of its superficial strata. If this view be just, the greatest 
irregularities should prevail in those parts of the earth in which 
the uniformity of surface is broken by hill and valley, and where 
the strata have been rent and contorted by the uplifting of moun- 
tain chains. In Ireland, accordingly, we should expect to find 
much greater anomalies in the direction and intensity of the 
magnetic force than in the plains of central Europe; and it 
must be, consequently, in the same degree more difficult to 
arrive at general results. 

* A remarkable case of this kind has been noticed at Fair Head, on the 
north coast of Ireland. The magnetic polarity of one of the columns which 
compose this wonderful fa9adc is said to be so strong as to invert the position 
of the comj>ass needle, when the poles of the same name are made to approach. 
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The only mode of escaping from these difficulties was to seek 
the general result of the entire series of observations, as to the 
position of the isodynamic and isoclinal lines ; and to combine 
the partial results in such a manner that their deviations, — whe- 
ther local, temporary, or casual, — should have the least influence 
on the final conclusion. Such is the object of the following com- 
putations. 

Let A and jx denote the latitude and longitude of any place at 
which an observation has been made. Ay and jtty the latitude and 
longitude of the station which is chosen as the 
origin of the coordinates ; then the position of the 
former place may be fixed with reference to the 
latter in terms of these quantities. For let P be 
the pole of the earth, M and O the two places, 

P M and P O their meridians, and M tl a great 
circle passing through M and perpendicular to 
P O. It is obvious that the position of M will be ^ 
determined by the rectangular spherical coordi- 
nates OQ and Q, M. Now in the right-angled tri- 
angle M P Q, we have 

tan P Q = tan P M. cos P, sin M Q = sin P M. sin P; 
or, denoting the coordinates O Q and Q M by a and /3, 

cot (Ay -i- a) = cot A cos {fL — Py) 

sin ft = cos A sin (ft — ]Xy). ^ ' 

When jx — |Xy is so small as it is within the limits of the pre- 
sent district of observation, we may take 

sin - /Ay) = ~ /Ay, cos (/A - /Ay) = 1, sui y = y, 

and the preceding equations become 



a A —Ay, 
fl = (ft — ft,) cos A. 


(B) 


This simplification is obviously equivalent to the substitution of 
the parallel of latitude for the perpendicular to the meridian. 

Now let us conceive any line to pass through O, making the 
angle u with the meridian ; then, in the same order of approxi- 
mation, the perpendicular from the point M upon that line will be 

p zs ft cos w — a sin w ; 

and, substituting for u and ft their values just obtained, 
p /Ay) cos A cos M — (a — Ay) sin ii. (C) 

It is easy to see in what manner this result may be applied in 
obtaining equations of condition from the data furnished by 
observation. The increase of the force, or of the dip, may 
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(throughout the limited area of tlie present dlstrlet of observa- 
tion) be assumed to he proportional to the distance, measured in 
a direction perpendieular to the line of ecpial force, or of eipial 
dip. Accordingly, if u he the angle M'hich the line of eipial ho- 
rizontal intensity passing through O makes with the meridian of 
the place, the diHerence of the intemsities at the two stations will 
he proj)ortional to p, or 

h-/i, = rp-, 

h and being the horizontal intensities at tlie two stations, and 
r a constant coefficient which determines the rate of increase. 
Substituting, then, fory> its value (C), and making 

/• cos = a*, r sin u = (D) 

we have 

(,a - p,) cos X . ,r - (A - A,) y = // - //^ (E) 

The equations of condition deduced from the observations of 
total intensity, and of dip, will be of a similar form ; and the 
coefficients of the unknown quantities, in the first member of the 
equations, will be the same. 

The station chosen for the origin of the coordinates i.s Dublill, 
and it is obvious that there will be as many equations of con- 
dition as there are other places of observation. The coefficients 
of these equations are given in the following table. The first, 
second, and third columns contain the p/arc of observation, its 
latitude and its longitude*. The numbers in the fourth and 
fifth columns are the di/fere/ire.s of latitude and longitude, (esti- 
mated in minutes of latitude,) of the place of observation and 
Dublin, or the values of (X — X,) and (g — g,) cos X ; and the 
numbers in the three remiiining columns are the corresponding 
differences of dip, of lu)n::ontul intensift/, lauld total hitensiti/, 
which form the second members of the equations. The dip 
having been observed at Dublin in each of the two years (18.‘j 1 
and 1835), the differences of dip are obtained by subtracting 
that belonging to the year in which the observation was made 
at the other station. 

• Tlie latitudes and longitudes of some of the more important stations have 
been kindly furnished by the olticers of the Ordnance survey. The remainder 
have been taken from Arrowsmith’s map of Ireland. 
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^rABEE VII. 


riacc. 

(^) 

(y) 

(A,-X,) 

COS X 

(5-5,) 


(/-/-) 

Cam 

/ 

O.') 1 .5 

‘ 7 L5 

+ 114 

+ ;14 

+ 54'o 

- 030 

+ •0154 

Colerjiin ; 

iyj S 

G 40i-f 107 

+ 14 

+ 21 0 

~ -00*) 

- 000.4 

Stra))ai)C‘ 

r)4 4!) 

7 28 

-{- 88 

+ 42 

+ ,54*0 

— •03.'} 

+ •0102 

Knni^kilIell ... 

.54 521 

7 38 

+ GO 

+ 48 

+ .540 

— -031 


Armagh 

.54 21 

G 30 

+ GO 

+ 14 

+ ;«r3 

- •021 

+ •0045 

Jicl mill let 

o l 20 

0 .50 

+ 50 

+ 125 

+ (i8'5 

— -050 

+ •0005 

Markree 

.54 14 

H 28 

+ 5;i 

+ 77 

+ Gl-8 

~ *0.40 

+ -00J)3 

llallina 

54 10 

0 .4 

+ 40 

+ 08 

+ (ifrO 

- *045 

+ •007!) 

(.'arlingford ... 

34 2 

G 11 

-h 41 

- .4 

+ 24-2 

— *010 

+ 4)1 GO 

Arhill Ferry ... 

.54 0 

0 ,5] 

+ ;io 

+ 127 

+ (;i-5 

~ •042 

+-oo:w 

Leemin 

55 41 

!» 40 

-f 20 

+ 121 


— -0.40 


Oughterard ... 

.5.4 27 

!) 18 

+ <! 

+ 100 


- •022 


DnbMn 

,5.4 ,21 

G 1.5 

4- 0 

+ 0 

+ 00 

+ 'OOd 

+ •0000 

(nil way 

.5,4 17 

8 51 

— 4 

+ 03 

+ 27-!) 


+ •0088 

Ratiulriim 

,5.2 ,5.) 

(i 12 

- 2G 

2 

— 11-5 

+ -001 

-•00.57 

'I'lilla * 

,52 ,5.4 

8 41 

- 28 

+ 88 

+ 17’8 

+ ‘003 

+•0077 

Ennis 

,52 ,52 

8 54 

— 20 

+ 0() 

+ 8'2 

- 002 

+ -005G 

Limerick ' 

32 40 

8 ;«! 

- 41 

+ 85 

+ ,5*0 

+ •005 

+ .0041 

Gorey 

,52 41 

G 15 

- 40 

+ 0 

~ 0-2 


1 -.00G8 

(donnicl ' 

,52 20 

7 41 

- G1 

+ 53 


+ 013 


Ballybiman ... 

,52 3,5 

!) ;!4 

- 4G 

+ 121 

+ 1G3 

+ *004 

+ •0127 

Broadway 

; ,52 1 4 

(i 20 

C7 

+ 

- 20 0 

+ *021 

-•00:25 

Waterford 

'52 12 

7 0 

- GO 

+ 31 

~ 14-5 

+ '010 

-•0035 

Dingle 

1.52 G 

10 20 

>v 1 

— y,')| 

+ 1,50 

+ 4*9 


+•0140 

Ki Harney 

|.52 ,4 

0 :n 

- 78 1 

+ 121 

+ G‘5 

+ on 


Ferinoy ' 

52 1 

8 ;{4 

- 80 

+ 8G 

1 - 177 

+ -010 


Valentia 

51 5G 

10 12 

— 8,5 

+ 14G 

+ 2-2 


+ •0080 

(A)rk 

51 .54 

8 28 i 

i- 87 

+ 83 

— 21 0 

+ -010 

-•0008 

Youghal ' 

.51 53 

7 51 


+ ,50 

— 23-8 


+ .0011 

Glcngariff’ 1 

51 44 

i) 5;5 

!- 07 

+ 123 I 

+ .45 

+ 4)11 



The equiitions of condition (E) arc of the first dimension with 
respect to tlie two unknown ([iiantities they contain, and may be 
written 

ax b y z=i c'y (F) 

in which the values of A, and c (or of (y* — ix^ cos A, X — 
and h — /q,) are ^iven in the preceding table. In order to deduce 
the most probable values of the two unknown quantities, these 
equations must be combined by the method of least squares. 
Accordingly, multiplying erpiation (F) by the coefficient of .c (//), 


* Observations made in the year 1835 give Tulla o — o, = 23'*7 ; Li)ncrick, 
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:uid by the weight {w) of the determination which it represents, 
and adding the results, we have 

S (w a®) X + S (le a 6) ^ =a S (w a c) ; (G) 

and, perfoming the same operation n ith respect to the coeffi- 
cient of the other unknown quantity, 

S (ic a b) X + S {w 6*) y = S (w h f). (G) 

These are the two fiiial equations which, by elimination, will 
furnish the most probable values of the quantities sought. 

Let the values of x andy, obtained from these equations, be 
A and B ; then substituting in (D), 

r cos n = A, r sin if =a B ; 
and, dividing, we have 

t:tn« = -5; (H) 

by which the direction of the isodynamic line is determined. 
Again, squaring and adding, 

= v'F+B*; (I) 

which gives the rate of increaseof the force in the normal direction. 
The lines of absolute intensity, and of dip, will be obtained by 
a similar process, the only difference being in the values of the 
second members of the equations (F). 

Before we can apply these formuhe to the investigation of the 
lines of horizontal intensity, it is necessary to assign the weights 
due to each equation of condition, or to the determination which 
it involves. We shall assume, accordingly, that the weights of 
the values of (A — A,), recorded in the preceding table, are mea- 
sured by the number of separate comparisons from which they 
have been deduced, and we shall have, on this principle, 

Limerick . . . weight = 12, 

Markree. . . . = 3, 

Armagh .... = 2, 

the weights of each of the other determinations being represented 
by unity. 

The values of o, 6, and c being given in Tab. VII., we may 
now proceed to calculate the coefficients of the equations (G). 
The elements of this calculation are given in the following 
table. 
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Placo. 

(w f»>’) 

(v) a bj 

(wt"-) 

(a>ac) 

(vj be) 1 

Cam 

1156 

- 3876 

12966 

-L020 

+ .3-420 

Strabane 

1764 

— 3696 

7744 

— 1-.3S6 

+2*904 

Kiiniskillen 

2.304 

— 2880 

3600 

— 1*488 

+ 1-860 

Armagh 

392 

— 1680 

7200 

- *588 

+2*520 

Bclmullet 

15625 

- 7375 

3481 

-6-250 

-t-2*!)50 

Markree 

17787 

-12243 

8427 

—9*009 

+ 6*201 

Ballina 

9G04 

- 4802 

2401 

-4-410 

+2*205 

Carliiiiiford 

9 

-f 123 

1681 

4- *030 

4- *410 

v\cliill Ferry ... 

16129 

- 4953 

1521 

—5*334 

+ 1*638 

Leenaii 

14641 

- 2420 

400 

—4*356 

+ *720 

Cughterard 

11S81 

— 654 

36 

-2*398 

+ *132 

Rathdrurn 

4 

— 52 

! 676 

— *002 

+ *026 

Ttilla 

7744 

-1- 2464 

! 784 

4- -264 

+ *084 

Fnnis 

9216 

-h ^784 

841 

- *192 

— *058 

Liaierick 

86700 

4-41820 

201 72> 

+ 5*100 

+2-460 

Cloiipjel 

2809 

-f .32;i3 

3721 

+ *689 

+ •7!)3 

Hallvbunan 

14641 1 

•f 5566 

2116 

+ *484 

+ *184 

Broadway 

9 

4- 201 1 

448!) 

+ *063 

+ 1-407 

Waterford 

961 

! 4- 2139 

4761 

+ *310 

+ -6!)0 

Ki Harney 

14641 

; 4- 94.38 

6084 

+ 1*331 

1+ -858 

Ferinoy 

7396 

4- 6880 

1 6400 

+ 1-684 

+ 1-520 

Cork 

6889 

4- 7221 

1 756!) 

+ 1.577 

+ 1-653 

(jlengariff 

15129 

4-11931 

! !)40!) 

+ 1*353 

+ 1-0C7 


Addiiiif, we lind, 

S (w a^) = 257431, S {w nb)- ^ 4916*9, S [w b^) = 116509, 
S {ir a c) = — 23*598, S {w b c) = -h 35*644. 

And tlie equations are 

257431 .r -f- 49169 t/ = - 23*598 
49169 a: + 116509 y = + 35*641, 
from wliich we have, by elimination, 

a* = — *0001633 = A ^ 

y = + -0003:48 = B. 

Finally, substituting these values in equations (H), (I), 
tan ?i = — 2* 2952 j w = — 66° 28', r = — *000409. 

The positive branches of the axes of coordinates having been 
assumed to be those which stretch to the north and to the west, 
it follows that the lines of equal horizontal intensity lie to the 
east of north, making an angle of 66^° nearly with the meri- 
dian of Dublin ; the horizontal intensity decreases as we pro- 
ceed northward, the decrease being equal to the distance tra- 
versed in a direction perpendicular to these lines (estimated in 
geographical miles or minutes of latitude) multiplied by the co- 
efficient *000409. The lines are laid down in the accompany- 
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ing chart for (liflcrciicos of 'Ol in the value of tlie intensity, the 
corresponding intervals of distance being -l•■l geographical 
miles. 

On a comparison of the separate deterniinations with the re- 
sulting lines, itwill he observed that the intensities in the northern 
group arc greater than th.'se due to their position, those of 
the western group less, and those of the south-western, again, 
greater. These deviations may, in part, arise from the iue.\- 
actness of the assumption with which Ave set out in tlu’ comj)uta- 
tion of the lines, and from the sensible deviation of those lines 
from parallelism. But thej' are [)rohably OAving in a much greater 
degree to the disturbing causes to Avbieh Ave have already alluded. 
The separate results composing each of these groups Avere for 
the mo.st part obtained about the same time, and they are there- 
fore probably atfected in the same manner, and nearly in the 
same amount, by the irregular fluctuations in the direction and 
intensity of the resultant magnetic force. Of these, the changes 
in the (Umtiou of the force are by far the most influential. 
The relation betAveen the correspomling changes in tlic dij) and 
in the horizontal intensity is e.xpressed by the formula 

“ = — tan t sin 1' d ^ ; 


being e.xpressed in minutes. Hence Avhen i = the 

change of the horizontal intensity, corresponding to a change 

of one minute of di|) is — •0(KJ84 ; and for a variation of 12' in 
the dip, the corresponding variation of the horizontal force 
is -01. 


In deducing the lines of dip from observation, it seems ad- 
visable to ^Separate the results of the two years. For the AV’cighls 
Ave shall assume 

Limerick (1834) . . . Avcight = .5, 

Armagh . . . = 2 j 

the weights of each of the other determinations being unity. 

Making the computations for the year 1834, we obtain the 
following results : 
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riucc. 

(war) 

(if 0 h) 

{vib") 

(mi a c)* 

(«' 

bef 

Cam 

11. uC 

- 3870 

1,2.090 

4-1870 


0270 

Strabane .... 

17(i4 

- 3090 

7744 

+2208 


4752 

Enniskillen . 

2;{04 

- 2880 

3000 

+2592 

— 

3240 

Armagh .... 

392 

- 1080 

7200 

+1008 


4320 

Carlini-ibrtl . 

!) 

+ 123 

1081 

- 72 i 

— 

980 

11 a 

//44 

+ 2404 

784 

+ I.j84 i 

+ 

504 

Limerick .. 

3(112.". 

+ 17425 

8405 

+2125 ‘ 

+ 

10,25 

Killarney .. 

14(141 

+ 9438 

0084 

+ 780 

+ 

,507 

Eormoy .. 

739(1 

+- 0880 

0400 

-l.)48 


1440 

GIcngarilT 

15129 

+-11931 

9409 

+ 430 

+ 

339 


Adding, we liave, 

S {w a^) = SdfiOO, S {w u h) - 4- 3(;i2<), S («■ 5^) = C4.303, 
S («’ a r) = + 1104.], S («» hc)'= — 1863J. 

'riie final eiiuiitioiis accordingly are 

8(;(;f)0.r + 3G121)// = + 11043 
3()12!) .f + (:1303 y = - 18(:33 ; 
from whicli we deduce 

.r = 4- ‘3228 = s cos 
y — — •4705 = s sin r ; 

in which v denotes the angle which tlic isoclinal line makes 
with the meridian of Dublin, and s the coefficient which deter- 
mines the rate of increase of the dip in the perpendicular di- 
rection. Dividing, and sipiaring and adding, we find 

tan V = - l-d.'iS, D = - 55° 33', 

.s = -571. 

The following arc the results of calculation for the year 
1835: 


* Tlir values of 3 — 0 , or e, arc only taken to the nearest minute. 
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Place. 

(a-)* 

(ab) 

m 

(nc) 

(be) 

Belnmllet 

1 5025 

- 7:»75 

3481 

+8.56.;J 

-4041 

Markree 

5929 

4081 

2809 

+ 4774 

-3286 

Ballina 

9604 

— 4802 

2401 

4-6468 

-3234 

Achill Ferry ... 

16129 

— 4953 

1521 

+7816 

-23!)8 

Galway 

8649 

+ 373 

16 

+2604 

+ 112 

Rathdrum 

4 

— 52 

676 

+ 23 

- 299 

Tulla 

7744 

+ 2464 

784 

+ 2112 

+ 672 

Ennis 

9216 

4* 2784 

841 

+ 768 

+ 232 

Limerick 

7225 

4- 3485 

1681 

— 170 

— 82 

Gorev 


+ 9 

1600 

+ 0 

— 360 

Ballybunan 

14641 

4- 5566 

2116 

+ 1936 

-f- 756 

Broadway 

9 

1 4- 201 

! 4489 

- 87 

-1943 

Waterford 

961 

4- 2139 

1 4761 

- 449 

-1000 

Dingle 

22500 

4-11250 

5625 

+ 750 

+ 375 

Valentia 

21.316 

4-12410 

7225 

+ 292 

+ 170 

Cork 

6889 

+ 7221 

7569 

— 1826 

—1914 

Youghal 

3481 

4- 5192 

7744 

-1416 

-2112 


SumiTMig^ we find, 

S («2) = 1^992:-% S {ah) = -f 31821, S {h^) = 55339, 

S {a c) = + 32157, S (/> v) = - 18372 ; 
so that the finnl equations arc 

149922 a* 4- 31821 y = + 32157, 

31821a’ 4- 553391/ = - 18372. 

From these we deduce 

a* = 4- '3250, y = -' '5196, 
tan ?; = - 1*599, t; = - 57"^ 59', 

5 = -613. 

It would appear, then, that the angle which the isoclinal lines 
in Ireland make with the meridian is on the increase ; a result 
which is in conformity with the general progress of these lines, 
as inferred from a comparison of recent observations with those 
of an earlier date. 

For the mean of the two years, 

a; = + -3239, y = - '4950, 
tan V 5= - 1-528, v = - 56® 48', 

5 = -592. 

The lines in the annexed chart are deduced from these last 
results; and it appears from them that the interval of the 


* We have assumed that u; = 1 , for all the results obtained in this year. 
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lines, corresponirng to a d'lFerence of half a degree of d’p, is 50‘7 
geograph'ca. a ’les. 


The lines of dip and of horizontal intensity being known, the 
lines of total iiuensiiy may be deduced. For if f denote the 
total intensity, h its horizontal component, and 8 the dip, as 
before, 

A = / cos 8 ; 

and differentiating, and dividing by the equation itself, 


df ^ Ir^ d h q- tan 8 sin 1' dl, (I.) 

Now, if the values of x and y for the lines of dip and of ho- 
rizontal intensity be denoted by and and if 

and y^j^ be the corresponding quantities for the lines of 
total intensity, 

(II.) 

df=. ax^^^ - 

in which a = cos X, A = x — (E.) ; ]x and X being 

the longitude and latitude of any assumed station, and /Xy and Xy 
those of Dublin. Substituting these values in (I.), it becomes 


(a xy^ - - h ' («•»(*) *i5'(*)) 

+ tan 8 sin 1' Qixq^ — by^^. 


(III.) 


But as a and b are entirely independent, their coefficients must 
be, separately, equal, and we have 


^(/) ^ “b tan 8 sin 1' x^ 


(A) 






(IV.) 


so that the values of y^ are found when those of a;^jj 

y{h) y^) ^^nown- 

Let the second members of the preceding equations (IV.) be 
denoted, for abridgement, by P and Q, then 

^(J) = ^ 

y^^ = t sinw =/Q} 

in which w is the inclination of the line of total intensity to 
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tlie meridian, and t the coefficient nhich determines the rate of 
increase. Di\ idin^' the latter by the former, tliere is 

tunM- = — , (V.) 

and^ squaring and adding, 

(VI.) 

From the preceding formidie it appears that the direction of 
the isodynamic line at anj point is dependent on the values of h 
and of § at that point, so that these lines will not Ix^ parallel, 
even thougli the lines of dip and of hori/ontal intensity should 
be so. The deviations, however, will not be considerable witinn 
the limits of Ireland ; and for our present purpose it will he 
enough to scelc the mean direction of the lines, and the mam 
rate of increase in the direction perpendicular to them. We 
must therefore employ in the preceding formuhe the values of /, 
//, and corresponding to the mean point of the island, or the 
point whose latitude and longitude arc 5.3® 2.V and 7° 55'*, and 
for which therefore 

^ \ = 4', ft - = 10(f . 

Now it has been already found that 

^ •OOOUm, = + * 32 . 39 , 

%) = + *000.37 IS, ^ -4950 ; 

and substituting these values in the formuhe 

b ^ (f^ ft^) cos X (a \j) 

Hi) cos X - (X - X,) ; 

we find 8 — 5^ = 21.'* 1, // ~ /q = — *011.3. Consef|ueiitly, 

0 = 71 ® 21 -'I, h = *9282, and / = I *0295 . 

We have now the numerical values of all the (|uantities which 
enter the formulae 

P = A"* 4- tan 8 sin P 

Q == Ir^ 4- tan c sin 5 

and we find on substitution, 

P = 4 *0001012, Q= - *0000242. 

Introducing these values in (V.) and (VI.), 

tan = — *2.322, w = — 13® 4', t = *0001 102. 


This point corresponds, almost exactly, to the town of Athlone. 
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These results^ however, iire not entitled to much confidence. 
An attentive consideration of the formulae (IV.) and (V.) will 
show that the direction of the resultant isodynainic lines will 
vary very widely with moderate variations in the Values of 
^\h) y{u) y(h) it depends ; or, in other words, that 

a small error in the position of the lines of dip or of liorizontal 
intensity will entail a very great one in that of the lines of total 
force. Thus, if we were to take for the lines of dip tliosc in- 
ferred from the observations of the year 1835 alone, we should 
find 

P = -f. ‘0001051, Q = - -0000155, 
tan w = - -1320, w = - 23° 25' ; 

a result differing by more than 10° from the former. In these 
latitudes, therefore, very great accuracy is necessary in the de- 
termination of the lines of dip and of horizontal force before we 
can make, in this manner, even an approximation to the direc- 
tion of the lines of total force. For these reasons the residts 
of the direct metliod, to wliich we now proceed, seem to be de- 
serving of more confidence. 

In the calculation of the isodynamic lines from the results of 
observation by the statical method, we shall take the number of 
observations at each station to represent the weight of the re- 
sult \ we have in this manner 

Limerick . . ♦ weight = 4, 

Armagh .... — = 2, 

Youghal , . , = 2 ; 

the weight of each of the other determinations being unity. 

The following are the elements of the computation : 
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Place. 

(tv a^) 

(iva 6) 

(ii> 6^) 

(w a c) 

(wdc) 

Cam 

1156 

- 3876 

12996 

+ .5236 

-1*7566 

Strabane 

1764 

- 3696 

7744 

+ *4284 

- *8976 

Armagh 

392 

- 1680 

7200 

+ *1260 

- -5400 

Belmullet 

15625 

- 7.375 

3481 

+ M875 

-- -5605 

Markree 

5929 

- 4081 

2809 

+ *7161 

-4929 

Ballina 

9604 

- 4802 

2401 

+ *7742 

- *3871 

A chill Ferry 

16129 

- 4953 

1521 

+ 1*2446 

— *3822 

Galway 

8649 

+ 372 

16 

+ *8184 

+ -0352 

Rath drum 

4 

- 62 

676 

+ *0114 

- *1482 

Tulla 

7744 

+ 2464 

784 

+ *6776 

+ *2516 

Ennis 

9216 

+ 2784 

841 

+ *5376 

+ *1624 

Limerick 

28900 

+ 13940 

6724 

+ 1*3940 

+ *6724 

Gorey 

0 

4 * 6 

1600 

+ *0000 

- *2720 

Ballybiinan 

14641 

+ 6566 

2116 

+1*6367 

+ -5842 

Broadway 

9 

+ 201 

4489 

- 0075 

- .1675 

Waterford ...... 

961 

+ 2139 

4761 

- *1085 

- *2415 

Dingle 

22500 

+ 11250 

5625 

+2*1000 

+ 1*0500 

Valentia 

21316 

-1-12410 

7225 

+ 1*2994 

+ *7565 

Cork 

6889 

+ 7221 

7569 

- *0664 

_ *0696 

Youghal 

6962 

+ 10384 

15488 

+ *1298 

+ *1936 


By addition we obtain 

S (w a®) = 1 78390, S («; « A) = + 3821 G, S (w A*) s= 96066, 
S(wac)ss + 13'3229, S(wAc)= -> 2’2'148. 

The final equations therefore are 

1 78.390 x + 38216 y = + 13*3229, 

38216 T + 96066 y = - 2*2448 ; 

from which we obtain, by elimination, 

ar ss +*00008711, y = - *00005802. 
Consequently, 

tan m; «= - *6661, w=: -33° 40', t = *0001047. 

The lines of total intensity thus deduced are laid down in 
the annexed chart for differences of *005, these differences corre- 
sponding to intervals of 47*6 geographical miles. It will be 
seen that their direction diverges widely from that of the lines 
of dip ; and although the position of the two classes of lines 
may need further correction, it does not seem likely that such 
correction will have the effect of diminishing, at least by any 
considerable amount, the divergence. 
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On the PhcBuomena usually referred to the Radiation of Heat, 
By Henry Hudson, M,D,y M,R,I,A, Dublin: 

Tub following paper contains the results of a portion of a se- 
ries of experiments planned several years since, with a view t* 
an experimental analysis of the phaenomena ascribed to the ra- 
diation of heat. The apparatus generally employed consisted 
(as in Leslie’s experiments) of cubic tin canisters and differen- 
tial thermometers, together with a parabolic zinc mirror of 17 ^ 
inches diameter and 4^ inches concavity; this was made with a 
hollow back to it, and a short projecting pipe at the top for tlic 
purpose of filling it with any hot or cold liquid at pleasure. I 
had also an apparatus for heating or cooling the balls of the dif- 
ferential thermometer previously to arranging the instrument in 
its proper position before the mirror ; my object being to exa- 
mine the different effects produced on the focal ball under all 
possible combinations of varying the temperatures of the canis- 
ter, the mirror, and the thermometer. 

Having found Leslie’s differential thermometer (containing 
sulphuric acid) to be not sufficiently sensitive where the varia- 
tions of the temperature were small, I made a differential ther- 
mometer for these purposes, into which I introduced sulphuric 
aether coloured with dragon’s blood ; I shall therefore speak of 
this instrument as the aetherial thermometer,” to distinguish 
it from the common differential thermometer. 

Having observed, in previous experiments, that the radiating 
power of a surface covered with black japan varnish was about 
twelve times greater than that of a metallic surface, I have in the 
experiments to be detailed merely made use of these two kinds 
of surfaces, my principal object being to ascertain the nature of 
radiation^ a term which I beg leave to use, whether with regard 
to heat or cold, without thereby intending to imply any refer- 
ence to the theoiy bjr which the phaenomena are to be accounted 
for. Before proceeding to the more immediate objects of my ex- 
periments I may state that I have found Professor Leslie’s con- 
clusions on the three following points fully confirmed, viz. 1st, 
If the canister, the mirror, and the thermometer be all of the 
same temperature with the air, the focal ball is not affected either 
by the metallic or the varnished side of the canister : 2nd, If 
the canister alone be heated, the focal ball is more warmed by 
the varnished than by the metallic side in the proportion of 
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about 12 to 1 : and 3rd, If the eanistcr alonehi:^ cooled, the focal 
hall is more chilled by the varnished than by the metallic side in 
the same proportion of about 12 to 1. 

I now proceed to ^'ive a few examples of such experiments as 
have been siitlicieiitly frequently repeated to remove all doubt, 
from my own mind, of their having been produced by occasional 
or accidental causes. 

Experiment \, — In a close room (temperature fI2^ Fahrenheit) 
% placed a large tin screen, 4 feet (> indies by 2 feet [) inches, 
in front of the mirror, at a distance of about b feet; and having 
ascertained the position of the focus, 1 filled the hollow back 
of the mirror with W'atcr at 200'^ of Fahrenheit, and arranged 
the fetherial thermometer so that one of the balls being in the 
focus the other wcts equally heated by the mirror, the instrument 
marking zeni. I now placed a smaller tin screen, 2 1 inches by 
17 , varnished on one side, about a foot in front of the large 
screen, with its metallic surface facing the mirror : on so doing 
the focal ball was chilled above one fourth of a degree ; and on 
turning the varnished side towards the mirror the focal liallwas 
cooled 3^ degrees below zero. On moving tlie small screen 
nearer to the mirror, the chilling ellects of both sides increased, 
and more rapidly than they should have done in reference to the 
mere diminution of the distance; a fact indeed which maybe in- 
ferred from the effect of the metallic side of the small screen in 
its primary position. I also remarked that when either side of 
the screen was left facing the mirror for any considerable time, 
its effect bes'an to diminish, evidently from that surface be- 
coming warmer. But the other side being then turned pro- 
duced its peculiar effect; and the former side also being again 
(after the lapse of a few minutes) put fronting the mirror was 
found to produce its full effect as at first. 

Kxperiment 2. — ^l^he large screen and the thermometer being 
arranged as before, and the mirror heated to 173°, I substituted 
for the smaller screen a ten-inch canister filled with water at 59°, 
the temperature of the room being 55° only ; and on repeating 
the trials, as in tlie previous experiment, I found that this also 
acted as a cold body, and the varnished side produced the greater 
effect : just in front of the large screen, however, its effects be- 
came very small, the black side only producing a chilling effect 
of about three fourths of a degree. I then filled the canister with 
water at G7°, and (in this same position) it now ach'd as a warm 
body, and the varnished side most efficaciously. On moving it 
gradually nearer to the mirror, the effects diminished, and at 
length altogether ceased, so that the thprmometer remained at 
zero, whether the metallic or the varnished side of the mirror 
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M ils towcirds it. On moving tlie canister still nearer to the mir- 
ror, it now begiin to act as a coid hod//, and the varnished side, 
as before, showed its superior efficiency. 

The same experiments were also tried (and with the sanv: 
effects), by interposing screens between the balls of the thermo- 
meter and the canister, lest the direct radiation to the two balls 
of the thermometer might not have been equal, which M^ould 
have confused the results. 

E^v])€nnieut 3. — Having covered the balls of the aetherial 
thermometer with cambric, and placed one of the balls in the 
focus of tlie mirror (of the same temperature as the air = 4S° of 
Fahrenheit), 1 applied water to the focal ball, and the chilling 
effect from the evaporation was eqiud to 20^^. On placing the 
screen before th^- mirror there was no difference in the effect, 
whether the metallic or the varnished side of the screen faced the 
mirror. 

E,v/)crune)if 4. I now covered the balls of a common differential 
thermometer with cambric, and having arranged one ball in the 
focus, as in the last experiment, I applied cether with a earners 
hair pencil to the focal ball; the temperature of the room being 
48^, the evaporation of the lether chilled the ball 102°, as the 
ea lmne elVect, and there was still no difference whatever in the 
efft'ct, M'hether the varnished or the metallic side of the screen 
Avas opposed to the mirror. In other similar experiments (the 
temperature of the room lieing higher,) the evaporation of mther 
chilled the ball beyond the extremity of the scale of the instrii- 
rnont ; I therefore altered the zero, making the liquid stand a 
considerable space below the commencement of the scale. Tlie 
temperature of the room being 51°, I found a common mercurial 
thermometer covered with cambric sunk to 24° from the evapora- 
tion of the mthcr, and, at the same time, the evaporation from tlie 
bail of the differential thermometer made it stand at G2|° on its 
own scale. There was no difference, as already observed, in tlie 
effect produced by either side of the screen. I then filled the ca- 
nister with a mixture of ice and water, (its temperature Avas 35°,) 
and on placing the varnished side of the canister opposite to 
the mirror, the evaporation of the a^her now cooled the thermo- 
meter to fi4^°, being 1|° more than the previous chilling effect, 
so that the canister (though warmer than the focal ball) acted on 
it as if it Avere a colder body. It is to be observed also that the 
direct chilling effect of the canister must be supposed to be, at 
all events, greater on the non-focal ball from the consideration 
of their respective temperatures, and that, consequently, the 
result ought, on this ij^upposition, to have been precisely the ic- 
verse of what has been mentioned. 
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The evaporation of the aether was so rapid that I found these 
experiments very troublesome^ and in order to obtain the maxi- 
mum effect I found it necessary to have the lether previously 
cooled considerably ; thus, in the last experiment, even when 
the aether was cooled to 34° of Fahrenheit, on dropping some of 
it on the ball, the immediate effect was to heat the focal ball 
from 3 to 8 or 10 degrees, according to the quantity of aether 
dropped on it at the same time. 

Being desirous to try the diathermancy'" (to use Melloiii’s 
term) of rock salt, I had a plate sawed out of the largest block 
of it I could procure at the time : its dimensions were 8 inches 
by 6, and four tenths of an inch thick. I placed a screen with 
an opening in it (which the plate of salt just filled up) at 2 feet 
9 inches from the mirror, having one ball of the aetherial ther- 
mometer in the focus, and placed the 10-inch canister contain- 
ing hot water with its varnished side 2 feet behind the screen. 
While the rock salt remained in the opening the thermometer 
continued at zero, but on removing it the thermometer imme- 
diately began to rise, and in less than ten minutes had risen 14°. 
On replacing the rock salt the thermometer fell again, and in a 
few minutes sunk to zero. 

The plate of salt was certainly not a favourable specimen, and 
therefore I should not lay much stress on the present experi- 
ment if Melloiii’s expressions had not led me to expect a diffe- 
rent result from even the worst specimens of this substance. 

It is unnecessary to point out how completely the experi- 
ments I have mentioned are at variance with the received doc- 
trine of the radiation of heat, as, on such a theory, the radiation 
of cold appears to be equally established. If the mirror be heated 
or cooled, and the thermometer so placed that both balls are 
equally heated or cooled by the mirror, there is no reason why 
any heating or cooling radiation towards the mirror should af- 
fect the focal ball ; if we suppose such radiation to heat or cool 
the mirror, both balls (from their position) should be equally af- 
fected. Now we might suppose heat to be merely radiated to 
and reflected by the mirror, but we cannot admit the same with 
regard to cold. Why then does this appear to be the case, both 
balls being equally affected by the temperature of the mirror ; 
why does the focal ball appear to radiate more heat towards the 
mirror than the non-focal ball when a (comparatively) cold body 
is placed opposite to the mirror ? 

On the other hand, these experiments appear to be in no re- 
spect uicompatiblc with the views of the late Professor Leslie, 
whose ingenious theory (whether true or false) has not, in my 
mind, ever received the attention to which I think it is entitled. 
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In considering the air as the medium of the transfer of heat, he 
supposes that the hot or cold surface of the canister heats or 
cools^ and consequently causes an expansion or contraction of, 
the adjoining atmosphere ; — that the first layer of air thus ex- 
panded or contracted presses on or is compressed by the portion 
before it ; — that this process is renewed in a rapid succession^ 
and that an undulatory motion of the heated or chilled air is thus 
propagated to the mirror and thence reflected to the focus ; and 
each pulsation being accompanied by a discharge of heat from 
tlie portion of air at the higher temperature, that the heating or 
cooling effect is conveyed to the thermometer simultaneously 
with the progress of the undulation. I may here remark that it 
appears not improbable that such expansions and contractions 
should take place ; and when we take into account the change in 
the capacity of air for heat produced by expansion or compres- 
sion, we have at least a plausible reason for the tra7isfer of heat 
which he supposes to accompany the aerial undulation. 

I do not wish to be understood as adopting Leslie’s views, 
but I conceive them deserving of further investigation, and the 
only conclusion I wish at present to draw from the previous ex- 
periments is, that they are only explicable on an undulatory 
theory, and consequently, if air be not the medium of the trans- 
fer, that they furnish an additional and perhaps conclusive argu- 
ment in favour of the undulatory theory of light. 

I believe no cause has been attempted to be assigned for the 
difference in the radiating powers of surfaces except by Leslie, 
who supposes it to arise from the different distances of the atmo- 
spheric boundary j I may, perhaps, therefore, be allowed to refer 
to a known property of bodies which probably ought to lead us 
to anticipate such results, viz. their different capacities for heat. 
If two surfaces ^ are of the same elevated temperature and placed 
in the same medium, they may be considered as having the same 
tendency to attain the temperature of that medium, and may con- 
sequently be expected to give off the same portion of their ex- 
cess of temperature^ and consequently quantities of heat propor-^ 
tional to their capacities. If we look to classes of bodies I be- 
lieve they will be found to be in accordance with the cause I 
have just ventured to assign. 

Having recently received one of Melloni’s tliermomultipliers, 

I have made a few experiments with reference to the transmis- 
sion of heat (from boiling water) through crystals (of rock salt, 
alum, and rock crystal), which were sent with the instrument. 

I found the diathermancy of rock salt very marked, though not 

• Taking the term in the physical sense of having some definite thickness, 
which may be different in different substances. 
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at all bo high as Melloiii states it to be : thus, taking the effect 
\vithout a screen as = 9^^^, I found it 
with rock salt = 
with rock crystal = H"’, 
and with alum . . =1"^. 

Having removed the warm canister entirely out of tlie axis of 
the pile, so that the needle stood at zero, I then successively put 
the rock salt, the rock crystal, and the alum to the opening in 
tlie screen, and in one set of experiments 1 found the following 
results : 

with rock salt, needle marked about l:p, 

with rock crystal, above 

with alum, less than 

In another trial, with warmer water, the results were 

with rock salt . . . 

with rock crystal above 1'^, 
with alum . . nearly 1*^. 

I may add that the effect on the needle appeared instanta- 
neous. These experiments are, confessedly, imperfect, and I 
only mention them for the purpose of pointing out a simple 
mode of answering the third and fourth ([ucstidns on radiant heat 
contained in the second volume of the lieports of the Association^ 
as to ‘^whether heat is transmitted through certain substances 
like light, or whether it is merely rapidly communicated by 
conduction^ If (as there may perhaps be some reason to 

suspect, even from these imperfect trials,) there be no direct 
transmission of simple heat, we may expect to find the same ef- 
fects produced by a given source of heat whether it be in or out 
of the axis of the therinoscope, provided the crystal and the 
canister be so arranged that they are at the same distance from 
each otlicr and the inclination of their surfaces alike in each case. 
I may mention also, as bearing on this point, that with the canis- 
ter in the axis (its position, surface, and temperature being the 
same,) the effects on the crystals increased with the extent of 
the radiating surface, evidently from the crystals being more 
ivarmedy b\it that there was, nevertheless, no apparent change 
produced in the ratios of the effects with the different sorts of 
crystals. I may also refer to Melloni's own remark with regard 
to the effect of increased thickness in the screen, ‘H,hat the ob- 
struction is not at the first surfatre (as with light), but (as if the 
heat were vonducled through the screen) in the substance of the 
screen itself." 


“ On this see Jjontl. ant! Etiuib, Phil. Mfifi., vol. viii. |). 100. 
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With reference to the thernioinultiplier, it will, I believe, be 
found to be most useful in experiments with screens of various 
sorts ; its delicacy is, no doubt, very great, but its expensive na- 
ture is unfavourable to its general introduction. I believe the 
aetherial thermometer will be found at least as delicate an indi- 
cator of small changes of temperature; but the instrument may 
be made still more sensitive by using mther saturated with am- 
monia, or incomparably more delicate still by substituting other 
li(juids, as Faraday’s “ volatile carburetted hydrogen,” or the 
licpiids of the condensed gases, for instance, sulphurous acid or 
(what 1 should prefer) euchlorine. It may be thought .djsurd 
to suggest such an application of these latter bodies, but 1 can 
vouch for its practicability, at least with reference to sulphurous 
acid, as 1 actually produced the effect by introducing quicksilver 
and sulphuric acid into one of the balls of a differential ther- 
mometer, and after it was sealed applying heat to the ball. Not 
being certain how far I had succeeded, I incautiously appli(j^ my 
hand to the other ball, on which the tube instantly broke where 
it had been joined, and the colourless liquid, which had pre- 
viously nearly half filled this ball, entirely disappeared, with an 
overpowering evolution of sulphurous acid gas. I have not had 
time since to make another trial, but I hope to be able to accom- 
plish it in the course of the next month. 

Should the experiments mentioned in the beginning of this 
paper be thought to throw any light on a difficult subject, I feel 
it but justice to state, in concluding, that any advantage which 
science may derive from their execution is essentially due to the 
spirited individuals who originated the British Association, as 
though forming a portion only of a series planned many years 
ago, I should probably have never carried them into effect if it 
had not been for the stimulus produced by reading Professor 
Powell’s excellent Report in the first volume of the Transac- 
tions of the Association. 
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Third Report of Experiments on the Quantities of Rain fall- 
ing at different Elevations above the Surface of the Ground 
at York^ undertaken at the request of the Association by 
VViLiJAM Gray, Jun.y and Professor Phillips, F.R.S. 
b\G,S.^ Secretaries of the Yorkshire Philosophical Society ; 
with Remarks on the Results of the PLvperimeniSj by Pro- 
fessor Phillips. 

At tlic conclusion of the second scries of experiments, the 
sciuarc gauges, which had been employed for two years, were 
removed, and replaced by others of a different form, which were 
arranged in a different manner. Three gauges were placed at 
each station, and a duplicate set of the ground gauges was fixed 
in Mr. Pliillips's garden. Each gauge was cylindrical, 5 inches 
in diameter and 12 inches high ; one of them (C) was an open 
cylinder, the others (B and A) were furnished with a funnel 
decreasing to a hole of ^ inch, and a small lateral discharge- 
pipe I inch in diameter, but 1 inch below the edge. This dis- 
charge-pipe was left constantly open. Tiic object of this ar- 
rangement was to procure data as to the rate of evaporation at 
the different stations, both from the open vessel C and the 
gauges A and B. For this purpose a certain depth of water 
was poured into C, and its level, fluctuating with evaporation 
and rain, was measuveil at the same time that the gauges A and B 
were examined. The difference in inches and tenths between 
the measure of the water first introduced into C, augmented by 
the depth of rain in A, — and the depth of the residuary water 
in C, — gave tlie amount of evaporation in a given time. 

The difference between A and B was this : The gauge A was 
emptied freipiently, sometimes immediately after rain, while B 
was left for longer periods. The diftercnce of the measured 
rain in each gave of course the difference of the evaporation 
from them. This part of the experiments served only to prove 
that the amount of evaporation from either gauge was very 
small. From various causes, and principally from the extreme 
inconvenience attending the laborious ascent of the Minster and 
Museum, the experiments on evaporation were not persisted in 
after August. 
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The following is :i general table of results for the third year 





IIAINT. 


KVAl’ORATlON 1 






from l'( h. 

1. to the several dates. 1 

1834*35. 










Minster. 

Museum, 

Groumt. 

Minster. 

Museum. 

Ground. 



liulies. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1 Feb. 1 to March 1. 

o-iso 

0 G70 

10 to : 

2-GGO 

1 -220 

0010 


G. 

0U(i 

0 GOO 

0-772 

.•{■O'Ki 

1-570 

2G12 


121. 

(H)l(l 

O-IIO 

0-2G2 1 

•l-O.'fO 

2-180 

2-021 

April . . 

12. 

O'lGG 

0-a2G 

0-558 ! 

7-120 

1-25(5 

G-7N2 


‘M 




8-2‘^0 

1-8 1(5 

1- IG*’ 

Mav . . 

1. 

0-810 

0!)82 

1-115 ! 

8-S80 

5-522 

■1-15(57 


IG. 

()-2U) 

o-aoo 

O-GGO i 

11-0(58 

(5-7G8 

5-182 

.luiiu . . 

IS. 

1-OSO 

1-72G 

1-8(52 1 

1 l-(58G 

0-Gl 1 

7-1(50 

July . . 

11. 

0 021 

0-115 

0 G25 j 

18-150 

10-820 

0-(50 1 


21. 

1 -oao 

2-770 

G-210 j 

10-5G0 

12010 

1 11-lGl 

Aiimi>t . . 

a. 

0- 1 70 

O-GGO 

0-510 ' 

22-212 

1 1-550 

! 1 I (571 


;jf). 

0-720 

0-010 

1-220 i 

2G-707 

1(5-5 0) 

12-(501 

October . 

a. 

1 127 

1-52G 

1-815 

— 

— 

_ . 

Jaiuiiiry . 

ai. 

1 -085 

1-710 

2 SGO : 

— 



— 

'r(»tais 

• • 

8-201 

121G5 

Ij-!).'!!) 1 




llatios 

! 

1 

j 

70-13 

1 

lOO’OO j. 

j 





OUANTITIES OF RAIN. 


Minster. 

Museum. 

Ground. 


Inches. 

Inches. 

Inches. 

G warm inonlbs .... 

G 02 1 

5-011 

7-187 

5 warm muntbs .... 

5-270 

7-7G7 

o-;i(52 

7 wain 1 m on lbs 

(i-27G 

0-0 15 

11()G5 

7 cold months 

2-Gl 1 

G-IIG 

5-1(52 

5 cold moiitlis 

2-021 

G-000 

1-001 

G Cold months i 

l-5(i;) 

j 2-;:8o j 

’ G-870 


Remarks nn the Results of the Kapcriuieuts.- 

The results in the preceding table complete tlie series of three 
years’ observations which it was originally proposed to execute; 
the gauges have now been removed, and the experiments are 
ended. A condensed view of the conclusions whicli seem fairly 
derivalde from them may be useful, as a preliminary to the ma- 
thematical investigations and further c*xperlniental researches 
which the subject appears to demand. 

No sooner was the lirst serie.> of results tabulated, than they 
were easily seen to be principally dependent on two ascertainable 
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conditions, viz., the vertical measure of the tract of air interven- 
in<.r l^weeii the stations, and the temperature of the season of 
the year; the former determining the ratio oi the differences of 
quantity of rain at different elevations above the ground, the 
latter influencing the amount of these differenccKS. The depen- 
dence of this amount upon the temperature inversely, and con- 
secjueiitly upon the humidity of the season directly, led to an 
attempt at a simple explanation of the phamomenon, not ma- 
terially different from that proposed (as M. xVrago has informed 
niej without experimental proof l)y M. Boisgiraud. 

The second series of observations confirnu'd very completely 
the conclusion previously adopted, of the dependence of the 
amount of the dittenmee of rain between a station on the ground 
and others at some height above it, u])on the temperature in- 
versely. But the ratio of the differences at different elevations, 
which had been formerly sujiposed constant, was found to vary, 
and also to exhibit some characteristic variations in different 
si'asons of tlic year. This suggested the hope of determining, 
by a third series, the limits of tiie variation ot the ratio, not only 
in different years, hut in different seasons of the year, and of 
thus advancing a considerable step toward a satisfactory solu- 
tion of the whole ])r()l)lem. 

may first consider the amount of the differences between 
the (jiiantity of rai?i at the upper stations and that on the ground ; 
this being exactly proportional to the coefficient m in the discus- 
sion of the first series. 


Tatitc of the Quantities of Rain and Ratios of the Quanfifits 
at the Three Stations/for Three Years, in different Seasons 
of the Year. 



Miiibter. 

Museum. 

(irounil. 


Katio.s. 


a summer nionfiis. . . . 

Inrhcji. 

1.3 17a 

Indies. 

i7-i;;() 

Inches. 

20-;i0(; 

00*.3o 

8o-8.3 

100 

5 wnriiior moiitlis .... 

20012 

2(5- 120 

.30-910 

01-82 

81-.‘50 

100 

7 wariucr inontlis .... 

21 -SIM 


.38*00 1 

01-42 

8,3-81 

100 

7 ('older moiitlis 

18-220 

2r)-ioo 

,3.3-99f) 

5:1-58 

73-82 

100 

7) colder mouths 

1 i-i;io 

19-780 

20-879 

1 52-60 

7.3-02 

100 

a winter months 


12-170 

17-320 

1 

' -19-!) 1 

70-20 

100 

(ieneral ratio derived from the sums of the ijuantities 

59-15 

7^1 1 

100 
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Table of the Differences between the. Ratios of the Qumtities 
of Rain at the Upper^ Middle^ and Lower Stations, in rela- 
tion to the 2\onperature of the Season . 



Temp. 

Diilbrencosfroin 

100. 

Sum of 
d + d\ 



V 

d 

rf' 

3 summer mouths 

o 

00*8 

33-65 

1417 

47*82 

48*12 

5 warmer months .... 

58-5 

351 8 

15-50 

50-68 

50-00 

7 warmer months .... 

551 

35*58 

16*16 

51*74 

52*93 

7 colder months 

40-8 

46*42 

26*18 

72*60 

70*10 

5 colder months 

39*3 

'17-40 

26*38 

73*78 

74*47 

3 winter months 

36*3 

50-06 j 

29*71 

79*80 

80-61 

Whole year 

48*2 (— t) 

60-71 

SO-71 


The last column gives the numbers corresponding to the 

simple formula A which shows clearly the real dependence 

of the amount of the diminution of rain at the upper stations 
upon the temperature of the season inversely. 

The dependence of the ratio of the differences of rain, at 
diffferent elevations above the ground, upon the heiglit of the 
stations, will appear from the following tables : 


Table to shoiv the Mean Annual Value of the. Function of the 

Height {<p A). 



Inches. 

Quantities. 

Inches. 

Inches. 

I^iffcrcnccs from 
100. 

d/. 

Resulting 

value 

of^A. 

First series 

15*715 

20*182 

23*785 

33*90 

14*7t) 


Second do. 

14*963 

19*850 

25*706 

41*79 

22*78 

/t-38 

Third do. . . 

8*294 

12*135 

15*939 

47*97 

23*87 


General mean of'l 
three years / 

12*990 

17*389 

21-810 

40*44 

20*27 


Mean of the differences from 100 


41*22 

20*45 
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Table to show the Variation of (p h in different Seasons of the 
Year^ accordhig to Three Years' Observations. 



1/. 

P h derived 
from 

observation. 

(Ph calculated 
t' 

a summer months. ... 

Inchet, 

60-8 


*•53 

5 warmer months .... 

58*5 

k-m 

*•53 

7 warmer months .... 

55-1 

*•50 

*•60 

7 colder months 

40-8 

h-” 

*•33 

5 colder months 

39*3 

liP 

*•357 

3 winter months . . . . ; 

36*3 

*•33 

*•33 


It follows from the last table that the exponent of the func- 
tion of height varies as the temperature of the season, or 


p>hzs 


•44 f 

t ^ no 


The whole may therefore be put under the form d = j) 
and the value of the coefficient p may be determined from the 
following table : 


Table of the Value of p considered variable with the Tempera- 
turCy and Height given in Feet. 



Sum of 
d + d'. 

Sum of the 
values of 
Ph&Ph' 
observed. 

p inferred. 

p calculated 
ti'B 

Yearly 

(;o-7i 

15*84 

(b) 3-830 


3 summer months 

47-82 

27*05 

1*768 

1*999 

5 warmer months 

50-68 

23*36 

2*169 


7 warmer months 

51-74 

21*19 

2*441 

»gf aM 

7 colder months 

72-60 

11*31 

6*419 

6*108 

5 colder months 

73-78 

11*31 

6*523 

6*783 

3 winter months ........ 

79-80 

9*34 

8*544 

8-472 


The last column shows how nearly the value of the coefficient 
p is represented by a function of the temperature of the season. 
By using a constant the agreement becomes very close, 

/ \ 
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Having thus reduced both the function of height and the 
coefficient to a dependence on temperature, we are enabled to 
institute a very severe comparison of the formula with experi- 
ment. 



Obse 

it 

rved. 

d\ 

Calculatctl by 

,2-8 

and p^b . 

//2*« 

Calriil.it cd witli 
/2*H 

»/=.4 - ,-*iHX\ 

/ .>.0 


Value? of 

(ph,, p, 

Vr 

Annual 

40"14 

20*27 

40*48 

20*18 

40*16 

20*02 

10*57 

5*27 

3*83 

.3*80 

3 summer months 

33*65 

14*17 

38*10 

15*90 

35*85 

1.5*00 

19*07 

7*98 

1*99 

1*88 

5 warm months . 

35*18 

1 5*50 

.38*00 

16*10 

36*14 

1.5*61 

17*13 

7*40 

2*22 

2*11 

7 warm montlis . 

55*58 

16*60 

37*40 

17*36 

.36*96 

17*16 

14*49 

6*73 

2*58 

2*550 

7 coM rnontlis . . 

46*42 

26*18 

44*54 

24*65 

44*8 

24*96 

7*26 

4*04 

6*10 

6*17f> 

5 coldest months 

47*40 

26*38 

45*70 

25*90 

46*.37 

26*.35 

6*74 

3*83 

6*78 

6*88 

3 winter months. 

50*06 

29*74 

49*38 

30*30 

50*37 

29*89 

.5*83 

1 

3*46 

8-17 

8*64 


It may he proper to offer some remarks on tlie probable coii- 
soipienccs to meteorology of prosecuting this s\ibject both ma- 
thematically and experimentally, and to indicate a form of ex- 
periment which may be advantageously followed in all (‘as(‘s. 
Admitting that the three years’ results above discussed are a fair 
average for the climate of York, and adopting the formula as ex- 
pressing at least the nature of the proximate influential causes, 
we shall find its interpretation full of curious interest. 

First, it must follow that, upon the average, rain (commencing 
at what Sir John Herschel calls the vapour plane) originates at a 
greater elevation in the atmosphere in the summer than in the 
winter. This is in conformity with Crossthwaite’s Table of 
Clouds, given in Dr. Dalton’s Aleteoroltt^tnil Essays^ where in 
the five warmer months. May, June, July, August, and Septem- 
ber, 211) clouds in a month are noticed above 1050 yards in 
height, but in November, December, January, February, and 
March only 120, 

The same inference results from considering the rain as ori- 
ginating either at a height corresponding to a certain reduced 
temperature, or at the point in the air where the d(‘w-point 
= the m.t. of the })eriod. In this latter case, using Mr. DanieH’s 
numbers for the climate of London, the vapour plain', or origin 
of rain, will be 

In January 000 feet high, 

111 July 3270 ,, 

For the whole year ... t(’>r)0 ,, 

The view previously advanced, that the rain-ilrops augment 
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lo paswiijg* ilowiiwardb, is in sirirl coiiforinily with these re- 
sults''^'. 

Secondly. It appears to indicate that the air very near the 
ground is much more hitifhly charged with vapour than tluit at 
Jiioderatc heights, so that the moisture of the air would seem to 
follow a very dillereut law of distribution from that of mean 
temperature, the dew-point approximating to or meeting the 
inciin temperature on the ground, and at one or more variable 
heights above it. As fur as a few observations can be relied on, 
this 1 ‘lleet does obtain to the height of 25 feet in the day during 
summer. 

Experiment July 9, 1835. — In a garden where rain had fallen 
last night. Tliree thermometers (A dry, 15 and C wetted), 
(dondy day, but sun partially appearing; 10 a.m. 



A. 


B. 

y. 

c. 

J inch Iroin groimd, gravel walk 

02-5 

o 

2(i 

o 

oi)’9 

li'o 

o 

59*0 

l>0 inches :ib(Ao 

(J2-1 

(>23 


i)H‘o 

:>8*2 

}'“{ 

i)7'7) 
7)7 ’o 

1 aO incln's above 

(>.*>•.') 

}-{ 

58-9 


57-9 

:>7'S 

'170 inches 

(ill 

:)•() 

oS-f) 

()‘() 

7)7 '7) 




On the same day I ascended the Minster with Mr. William 
Oray, and found with other thermometers, 



A. 

13. 

y 


r 

0 

fiir) 

o 

u 

1 feet high before ascending ^ 


01-:) 

V 5(3-7 

■1-s 


OM 

J 


SO feet high ^ 

r 

L 

(il*3 

G.‘>*(i 

58-:3 1 
57-;3 ; 

5(3 

200 feet high (dew-point 52°) J 


(32*5 
(32 0 

5(3-5 \ 
5(3-1 / 1 

5-S 

( I round (2 inches above) after descending 

(32- 1 

5 7 '5 5 j 

1 '55 


Rain fell immediately afterwards, while the dew-point = 52'^ 
and air (i2"\ 

'^riiirdly. We may be sure that by the continuation of experi- 
ments in well-selected situations, the influence of the variation 
of climate, — both with relatioTi to mean temperature, moisture, 
the general aspect and surface of a country, — may be determined. 
As far as can be seen at present, it appears probable that the 

Mr. llu\var(r:> \ icw cf an indolinitc' raining space is less applicable. 

1835. > 
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function of the height would be greater and the coefficient less, 
and that both of these ^voiild be subject to less variation in 
lower latitudes, and the contrary. It is also probable that tlie 
decrease in the ([uantity of rain, as we ascend above tlie surface, 
will be least in the warm regions of the globe and greatest in the 
cold zones. There is less difference at Paris than at York. 

Fourthly. It is probable that in countries uniformly moist, 
or of uniform temperature, the results would be materially dif- 
ferent from those obtained in a climate so changeable as that of 
the British Islaiuls. 

Fifthly. It would follow from the formula that tlie differences 
in the values of 4) h and p in different years depend very much 
upon the season of the year when the rain fell in greatest quan- 
tity. Thus, 4) k was greatest in 1832-3, and nearly twice as 
much rain fell in the warm as in the cold months ; 4^ h was 
least in 1833-t, and in that year, on the contrary, the larger 
proportion of rain fell in cold months. 

Sixthly. It is pmhahle that there will be found real differences 
between the results obtained for daily and nightly periods. 

I may now propose a plan of experiments sufficiently within 
the command of ordinary observers, and likely, if executed con- 
temporaneously at three or more selected points, to furnish a 
mass of good evidence tow'ards the mathematical investigations 
which the subject seems to deserve. These should include uni- 
form daily measures of temperature of the air and moist sur- 
faces, amount of evaporation, direction, and metin velocity or 
amount of wind, and fall of rain at three or four stations, tln^ 
height of the two or three upper ones being known to feet and 
inches above the lower one, which should be on the ground. 
The height of this above the level of the sea should be ascer- 
tained. TJu‘ following is a plan of the register proposed, which 
includes some occasional observations. The instruments must 
all be furnished by the Association. 


[Place], N, Lat, [ ], fV. /yw?g. [ ], nbmn*. Sea in Feet 

[ ], Mean Temp, of the Year [ ]. 


Date. 

Barometer 

and 

Tlicrniom. 

Wind. 

Ground — above mean 1 
level of the sea, feel 

]. , 

Middle— above ground, 
feet [ ]. 

i UuiKn-— alwve ground, 
fcelC 3 . 

Dir. 

Vel. 

/. 

ir 

u 

w 2 

Kairi. | 

/. 


Evaj>o- 

ration. 

Rain. 


th 

Evapo- 

ration. 

Rain. 

y A.M. 

y r.M. 

‘iO-fifir. fin 
2y87:J 

K, 

E. 

15 

in ' 

tVl 

58 

1 ‘"J 


1-132 

1 17:11 

(il 
ft2 1 

S7 

.59 


rnno 
j rr.nn 

fH> 

01 

.50 

Ml 


•800 

1-200 
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Occasional remarks may be made on approach to perpen- 
dicularity of rain ; showery or continued rain * size of drops at 
the different stations ; hail, snow, &c. The situations chosen 
for th (5 experiment should ])e in open, plain countries, because 
the influence of the form of undulated ground is extremely un- 
certain : stations should be selected on opposite sides of the 
island, as well as in the interior: the central plains of Ireland, 
and some parts of Scotland, offer excellent points. The ele- 
vations of the upper stations above the ground ought to be 
nearly tlie same at all the places of experiment, and the highest 
need not exceed 100 feet, as the following state of results, ob- 
tained by the care of my friend Mr. W. 1). Littledale, at Bolton 
Park in Craven, will prove. 



Wall above 
ground, 

6 11. 6 ill. 

House-top, 
34 ft. 2 in. 

('hurch 

Tower, 

81 ft. 6 in. 

Octolier 1831 to January 183.'> 
March 

Inches. 

8*1() 

2- 11 
1-77 
110 

Inches. 

8*27 

1'94 

1*70 

3*90 

Inches. 

7-37 

MO 

3-92 

3*78 

May 1.5 

July 20 



1911 

18*81 

16*53 


N 
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Firs/ Iteport on the Honrhj Observations of the Thermometer 

at the Pt (/mouth Dockj/anf Pat,My 21^ Ijong.A^i^ fF. 
Ihf Mr, W. S. IIahuis, F,ILS,^ 

At tlie nu'ctiiig of the British Association in September, 1831, 
the Subcommittee of Mathemat'cal and Physical Science 
(leeiiKHl it advisable to recoinniend, that the Association 
sliould employ all the means in its power to procure a lle- 
iL^ister of the Thermometer during every hour of the day and 
night, to be kept at some military or naval station in the South 
of Fmgland*,” considering that the progress of meteorology 
mat(‘rially depends on a thorough acciiiaintance with the plueno- 
nu na of diurnal temperature. Soon after this judicious recom- 
iiKMidation, two registers were commenced at Devonport near 
IMymouth; one under tlie superintendence of the late Mr. Harvey, 
F.R.y., &c., the other under my own. The former was under- 
taken at the Immediate request of the Association. The latter 
was ollered to its notice more as an individual contribution; it 
liad been already contemplated, and was suggested by a series 
of meteorological inquiries carried on at Plymouth for several 
successive years. In speaking of Mr, Harvey, it is impossible 
to w itlihold the expression of that just tribute of respect due to 
the memory of an individual whose talents so greatly contributed 
to advance him in the estimation of the scientific world. The 
Association has lost in Mr. Harvey a zealous and able member, 
whose natural powers were carefully and most industriously 
cultivated. Had he lived, our Reports would have doubtless 
been greatly enriched by the results of his labours oji this occa- 
sion. His register, from the decline of his health, is however, 
not continued for a sufficient time to render it available to the 
pur|)ose for which it w^as undertaken. I have, through the 
kindness of Mrs. Harvey, been put in possession of all the ob- 
servations received; these have been (‘arcfully discussed and 
compared f . So far as they go they are of consecpienee, although 
only noted for every tw o hours J, since they enable us to observe 
the iniluence of local circumstances on the indications of tw^o 
similar thermometers placed within a short distance of each 
other. 

In order to obtain elTectually such an hourly register as that 

* /V;-.s7 Report^ ]). 40. 

1 Mr. (leorge llavvoy has very kiiuUy assisted in the disenssion of these ob- 
servations. 

I Svcoitd Report y p. TiZ I. 
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in contemplation, an early application was made to Capt. Super- 
intendent Ross, of the Dockyard, who interested himself in the 
undertaking, and with that kind liberality and courtesy for which 
lie is so greatly distinguished, speedily afforded every just en- 
couragement to the views of the British Association in this great 
endeavour to advance the interests of science. Tlic hourly re- 
gister, tlierefore, was soon commenced and carried on by the 
Warders and Officers of the Watch stationed at the gate, all 
persons of respectability and character It is due to them to 
say, that they have entered with more than common interest 
into the scheme, and have used every exertion to render the ob- 
servations as perfect as possible. Little difficulty has hence 
arisen in obtaining the series of thcrmometric observations in 
the South of England, as contemplated by the Association, 
which for extent and accuracy may perhaps be considered the 
most perfect of any yet recorded. 

The thermometer is placed in an insulated position, just 
within a small circle of grass, about 60 feet above the level of 
the sea, and distant from it about 300 yards : it is sheltered 
from direct and indirect radiation, local heat, humidity, and 
other disturbing causes, by alight screen of latticed wood- work, 
quite open toward the north-east, and painted of a light colour ; 
this screen is small, and is fixed on a single vertical pillar, as 
represented in Plate V. The lattices round the sides and be- 
neath are made in the way of Venetian blinds, so that there 
is always a free current of air in circulation, and little chance 
of error from the absorption of heat by the screen. The lat- 
ticed work below inclines at a sufficient angle to cut off all re- 
flexion from the ground. There is a small sliding index of brass 
attached to the instrument, in the way of a T s([uare ; one arm 
projects over a slate, whilst the other can at any time be made 
to coincide with the surface of the mercury, and tlius showu itli 
more precision its exact indications. A line may at the same 
time be drawn on the slate, coincident with the position of the 
mercury at the time of an observation; and thus when requi- 
site we may again compare the entries made in the register du- 
ring the night. The continued habit, however, of registering 
the observations has rendered this now unnecessary. The in- 
strument itself is a valuable one ; it was obtained from Mr. Cox, 
optician, of Devonport, whose skill in the construction of philo- 

* Mr. Isaac Watts, also of the Dockyard, a gentleman of considerable at- 
tainments in science, educated at the late school of Naval Architecture at Ports- 
mouth, has been so good as to interest himself in the success of this undertaking, 
and by an occasional attendance to the progress of the observations has done 
much in forwarding them. 
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sophictil instruments is well known and appreciated. It ii^rees 
well with a fine thermometer by the late Mr. Crichton of 
Glasgow, made by him expressly for meteorological observa- 
tions, and with which I am led to believe he took more than 
ordinary pains. 

The tliermomcter used by Mr. Harvey was also obtained 
from Mr. Cox, and agreed well with that at the Dockyard. 
It was placed in the Artillery Square at Devonport in an appro- 
priate screen of wood, fixed against the walls of the line of bar- 
ra(!ks facing the north, about 90 feet above the level of the sea 
and distant from it about a quarter rjf a mile. The sides, back, 
and roof of the screen were formed of double planks, filled in 
between with sawdust, so as to shelter the instrument as much 
as possible from local heat and other disturbing causes The 
non-commissioned oflicers who went round witli the relief guard 
entered the observations in a printed form most judiciously 
drawn up and supplied by Mr. Harvey. Acknowledgements 
are due to Serjeant Anderson of the Artillery, and others uncler 
his guidance, for the great care and attention which they be- 
stowed on the register. 

Gn comparing the mean results of the two registers, from 
their commencement in May, 18.12 to the termination of Mr. 
Harvey’s in July, 1833, — or at least such perfect portions as 
admitted of comparisonf, — we find but little dillerence between 
them, as may be perceived in the following tabic wliich contains 
the mean temperatures for each month. It will be perceived that 
the numerical coincidences are very striking, more especially 
when we take into account the circumstance, that the results in 
the one case have been deducedifrom an observation taken every 
two hours only, the other from hourly observations. 


18,12. 


Ilef;isters. 

May. 

June. 

July. 

Aufr. 

Sept. 

Oct. 

Nov. 

1)«'C. 

Dockyard 

53*70 

r)8*(> 

01*40 

01*20 

58*30 

51*10 

•19*40 

47*10 

Artillery Barracks. j 

5 3 -OS 

not ebserved (>2*20 
throughout, j 

() 1*9.5 

58*27 

53*20 

17*97 

not observed 
throughout. 


1833. 


1 Registers. 

Jan. 

I'eh. 

March. 

April. 

May. 

June. 

July. 

Dockyard 

41*70 

46*80 

41*80 

48*10 

58* 

57*47 

61*30 

Artillery Barracks. 

10*42 

45*99 

41*07 

48*29 

1 

59*31 

57*86 

61*74 


♦ See Second Report ^ p. 571. 

^ ^ ^ observations were occasionally interfered with, in consequence of the 
vejjiment bein^ sent on military and other service. 
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I haw flumo-ht it wortli whilp to allude to this coincidence, a> 
it sliows the care \vitli which the respective oi)servations have’ 
been made. I find, however, on compariiiij^ tlie rei>isters for 
particular liours, that sonic greater dilYerences arise, as might he 
anticipated from the dilferent local circumstances under which 
the thermometers wereplaced; the thermometer in the Dockyard 
is from its free position less exposed to the intlucnce of local 
hv"at than that formerly employed at the Artillery Barracks. It 
is not, I believe, in any case desirable to place a thermometer 
so close to the roof of a low building, upon which the sun’s ra}'s 
in summer are powerfully acting, and within whicli the ordinary 
avocations of domestic life are carried on ; it seems, however, in 
this case to have been unavoidable. This is, perhaps, alone suf- 
ficient to account for the generally small increase of temperatnri' 
at the Artillery S(piare shown in the abovT tables. In the mode 
of exposure of the thermometer at the Dockyard, 1 have en- 
deavoured, so far as possible, to fulfill the conditions incidental 
to the exposure of a thermometer suspended in free space under 
the shade of a tree, avoiding at the same time the efie(*ts of hu- 
midity. This is, I believe, by far the most accurate method of 
observing atmospheric temperature. 

The register was commenced on the first day of May, 1832, 
and has been continued hourly every day and night since, without 
any intermission. The observations liavc been fairly copied and 
reduced up to May, 1835*, so that I am enabled to present the 
Association witli the results of at least two complete years, be- 
ginning with January, 1833, and ending with December, 1831. 
These full years have been selected with a view to an immediate 
comparison with the results of the hourly register carried on at 
Leith in the years 1824 and 1825: the observations have been 
arranged and discussed according to the method rcsortt'd to by 
Sir David Brewster in his capital paper on the Leith Observa- 
tions in the 10th vol. of the Transactions of the Roifal Soviet jf 
of Edinburgh, 

The months of December, January, and February are taken 
as winter months; March, April, May, months of spring; 
June, July, August, summer months ; September, October, and 
November autumnal months. The six months of summer be- 
gin with April and end with September, both inclusive; the six 

* Mr. T. A. Soiitliwood, of the Classical and Matliematical School at Mount 
Wise, Devonport, has very kindly afforded me his valuable assistance in discuss- 
ing the observations. 

Mr. Iloskyn also and Mr. (J. Harvey liave contribiited much to advance the 
work. The cooperation of these gentlemen has been of great consecpience, since 
the labour of copying and reducing al)ove twenty-six thousand observations is 
by lu) means small, as is well known to every one engaged in a similar under- 
taking. 
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winter inontli& begin with October and end with March, both 
inclusive. Sir David Brewster seems to have joined October to 
the winter months, and April and May to the summer months, 
from having observed a coincidence in the form of the projected 
curves of temperature of April and May with those of summer, 
a)ul the curve of October with those of winter. This classifica- 
tion a|)pears natural and sufficiently perfect, and is not opposed 
to the results of the observations at Plymouth, the daily curve 
for October being more flatteiu'd and of less range than that of 
April or May, as may be seen by a reference to Plate VII, in 
which the monthly curves are projected. When the register 
terminates it may be perhaps desirable to consider the results of 
other distributions ; this may be done with but little additional 
trouble, since the observations are carefully recorded in large 
folio volumes, and all the monthly and annual means computed 
and set down ; Including intervals of ten days each. 

The numerii;al results for the years 1833 and 1834, of the 
hoFirly, daily, and monthly temperatures, as also for periods of 
three months each, comprising spring, summer, autumn, and 
winter, likewise summer and winter, including six months 
each, ai-e givi'ii in the eight following tables. From these wc 
may readily deduce : 

1 . The mean temperature of various seasons, and that of the 
whole year. 

2. The daily progression of temperature. 

3. The two periods of each day at which the mean tempera- 
ture occurs. 

4. The relation between the mean temperature of the whole 
twenty-four hours, and that of any single hour, or of two similar 
hours. 

.5. The average daily range for each month. 

Lastly, the form of the curves described by the march of the 
temperature between given periods of the day and night. 
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Hourly Regisicr for 18.5:5. 

Tablb I. Containing the Daily and Monthly Mean Tempera- 
ture for 18.5:3. 


Day. 

.Ian. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Auk. 

Sept. 

Oct. 

Nov, 

Dee. 

1 

43-8 

441 

43-2 

50- 1 

19*9 

610 

54*0 

63*8 

.52*9 

53*2 

54*4 

52*7 

2 

467 

48-9 

50-2 

49*8 

53-8 

57*5 

55*1 

60*6 

51-0 

53*2 

.517 

49*7 

3 

40(5 

500 

.lOO 

510 

53*9 

52*3 

56*8 

617 

56*9 


49*6 

50*7 

4 

37-4 

52*0 

47-2 

50*6 

57*2 

51*6 

58*5 

58*7 

54*2 

56*8 

45*6 

53*2 

5 

36-6 

511 

47-(» 

4(>6 

57*2 

57*0 

60*8 

58*9 

51*2 

52*7 

50*4 

47*9 

(» 

40G 

50-8 

43*9 

481 

600 

57*2 

62*3 

5!)-2 

57*6 

53*0 

54*0 

46*5 

7 

41-9 

.50*1 

43-2 

17*2 

59*1 

59*7 

58*7 

59*2 

58*0 

54*3 

48*9 

48*9 

8 

41 7 

507 

39-5 

46*9 

59*1 

60*8 

«0-7 

(!l-2 

59*2 

53*0 

46 1 

.|«-7 

i) 

407 

46-4 

36-2 

510 

51*6 

60*5 

61*2 

607 

(iI-7 

55*2 

19*9 

54*2 

10 

45-0 

.'i0-4 

38-0 

4!)-9 

51*3 

60*5 

(!0'7 

(;o*.5 

59*1 

55*8 

53*5 

47*6 

11 

457 

47*9 

387 

470 

.'■>7-0 

57*6 

(il-5 

60*5 

58*9 

55*0 

53*0 

13*3 

12 

45*9 

50-2 

367 

4(;o 

58*3 

.56*7 

60*0 

59*1 

55*1 

517 

49-4 

434) 

13 

4iV4 

48-5 

377 

47*5 

56*2 

56*6 

61*3 

57*8 

57*3 

53*0 

50*8 

46*7 

14 

457 

477 

407 

47*2 

59*9 

57*8 

590 

.>7-.5 

59*3 

57*3 

41*2 

48-1 

15 

417 

10-3 

38-5 

45-1 

63*0 

57*1 

601 

57*4 

.57-0 

49 7 

13*9 

52*2 

10 

39* 1 

4M 

4i*3 

13*0 

57*9 

59*3 

63*5 

58*8 

57-3 

50*1 

5 1 *5 

52*5 

17 

4 10 

49-0 

430 

41o| 

57*0 

58*6 

61*2 

58*0 1 

56*7 

50*5 

54*7 

48*4 

18 

40-9 

43-9 

42-5 

41*4 

567 

58*9 

61*7 

60*5 

56*6 

52*2 

50*5 

50*9 

19 1 

382 

43-7 

41-3 

16*5 

57*9 

57*7 

62*0 

62*8 

58*0 

49*9 

46*6 

53*0 

20 

39- 1 

44-5 

/120 

511 

570 

1 

, 55*7 

59*2 

63*3 

54*8 

51*5 

517 

19*8 

21 

38-8 

45-1 

40*5 

51*6 

55*0 

’ 58*3 

59*0 

63*9 

57-6 

56*9 

52*1 

4.3*5 

22 

38-2 

44 0 

39-3 

50*3 

61*9 

i 58*4 

60*1 

60*1 

58*9 

56*6 

53*7 

50*9 

23 

41*8 

43-5 

377 

51*6 

64*9 

' 56*6 

59*9 

59*1 

58*9 

53*5 

48*8 

53*2 

24 

39*8 

47-5 

38-6 

51*8 

650 

6,5*2 

60*0 

59*3 

597 

58*1 

47*2 

51*0. 

25 

41-8 

461 

401 

49*9 

65*7 

.54*2 

59*2 

59*5 

57*2 

58*7 

42*5 

47*0 

26 

4M 

45-6 

40-4 

49*5 

58*1 

53*7 

63*7 

58*9 

511 

56*4 

43*0 

48*1 

27 

39-5 

43-9 

40-8 

51*0 

55*5 

56*8 

65*5 

57*7 

53*8 

57*6 

49*3 

477 

28 

47*4 

44-5 

42-9 

49*2 

56*7 

56*4 

68*7 

60 9 

55*7 

58*6 

48*8 

47*7 

29 

447 


43*6 

46*3 

57*3 

59*0 

66*4 

60*7 

51*8 

59*7 

48*2 

53*3 

30 

41-9 


42-8 

49*4 

58*2 

58*4 

68*5 

58*6 

53*8 

58*0 

49*2 

52*8 

31 

40-9 

... 1 

47*2 

... 

60*7 


63*5 

56*8 

... 

55*8 

... 

50*1 

Means 

417 

46-8 

41*8 

48*4 

58*0 

57-47 

61*1 

59*8 

56*79 

54*5 

19*4 

49*47 


Mean temp, of the whole year by this table, from 8700 observations, ,'32*1 1. 
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TARiiE U. Sliowiiig the Mean Temperature of each Hour for 
each M()nli\ of 18.5.3, and for the whole Year. 


Hour. 


Jan. 


1a 

2 

a . 

4 . 

r> , 

() . 

7 , 

8 . 

11 . 

1(1 . 

11 . 

12 . 

1 P.M. 

2 

.*1 . 

4 . 

T) . 

(» . 

7 . 

8 . 

9 . 

10 . 

11 
12 


m.|40-10| 

io-r»o| 
i0*20j 
'40'20 

IKHlol 


Feb. 


Mar. 


April.! 


1(MO;1S-:»044-70 
15-70 ;iH-2o’41-r)() 
45-00|;jS-10'44-;i0 


1 


15-20 ;i7-9(li:i-80 


15-00;J7-50i 


|;i!)-70 i5-io;i7(>o 


4;{-2()US-fi(» 

l4t-.3(l49-So! 


Means 


10- 50 

11 - 20 


4:1-00 

144-20 


1 

15-50|40-20 

l(1-()0l2-80 


41- 40 
4;i-90 
43-00 
43-30 

42- 60 
42-00 

41-70 

41-20 


10-50 

48-00 

18-70 

17-80 

'47-20 

46-6(1 


n-00 


10-50 


41-60 


45- 50 

46- 70 

47- 20 
46-70 
16-00 
|45'40 
ll-5( 


16-50 
16-50 
ll-30|46-60 


46-50 


40-8046-40 


46-30 


46-78 


May. 

52-00 

51-60 

51-50 

51*50 

51-70 

1.53-40 


|46-26 

10-10 

150-00 


15*0051 -80 


|52-06| 

53-7( 


154-10 
r)3-7o|(: 
5' 


1143-30 


3-00 (i 
152-20 
i)|50-86 
10-50 


12-20 

11*50 

40-00 

10-40 

30-704 

130-10 


11-80 


56-30! 

50-10 
61 (Ml 
62-40 
63*70 
!) 6 1-30 61-40! 


|47-00, 

46-80 

146-20 

145-60 

5-40 

144-80 


48-34 


Juno. 

53-56 

153*46 

53-50 

53- 40 

54- 06 
155*86 


57*50 

j50-26 

60*30 

|60*7(' 

161*06 


|61*70 

)5-00(i 

14-20 

6:1-48 

62-10 

()0-:i6 


58-471 

56*87 

55*60 

54-20 

53*80 

53-28 


I57-94 


56-20'5400 

55*80;53*23 5 

55*4o'53*loj 

55-00'52-70| 

55-3062*7o| 

l57-l0;54-00 


|50*00:56-7051*5051*10| 
57*0652-061 


62*20 60’20| 
63-7o'63*2ol 


65*80 65*20j(] 
|67*20:66-70 
67*60 66*60| 


il-70 

60-00 

60-76 

50-70(1 

58-80 


57-20 


July. 


Aug. 


i2*80! 

5o! 
152*10! 
52*16 
152-00 


i53-26,50*30 


J. 


158*00:55*06 
[>i-()o!.')K-40i;i-(w:507oj 


«170«7-60(i7-10 
07-(K)G7-io 


l66*50i 

65*30 

:63-60 

61-00 


65-50 

(>1-40 

62-70 

60-70 


57-70 

56*00 60-30l50*30| 
‘ 55*06 
55-40 
55* 

|54*6C| 


58-00 

57*00 


61*31 


57*00 

156-60 


57*:i0 55-70 
56*5054*80 


50-81 


■Sept. 


;» 1*20 

151-00 

50-80 


Nov. 


Dec. 


i7*50il8-66 
t7-lo;i8-70 
t7 1048'70 


.Mean ail' 
tiiiiil temp, 
of eaeli 
hour. 


50-26U6-06:48-60i 


KI-00 


46-96 

46*70 

17-40 

48-60 


48-6()i 

48-761 

!40-1()| 

40-5() 


40-86, 40*70i 
51-0o|50-; 


50-80:52-:i051-20 


61-00 


;63-06!60-565:1*6051-70 


(;3-:iO(JO-9()53C051-80 

63-:i060-lol53-7o!51-30 

|G21650-2o'52*:i6l)0-70 




61-005800;51*40!50*36 
!40-26 
49-10 


50-36j56-46’50-20 
57*8oW-0oj40-86 

56-2004 •Oo[40*70 
i55*46b*50 49-;i0 


54-60'52*90 

|53-66[52-40 

53-1651*86 

I52-9051-76 


156*85 


54*50 


148*00 

48*204 

47*804 

47*60 


49*40 


40*06 
» 40*06 
40*00 
8*86 
8*86 


48*86 


40*50 


48*80 

48*52 

48-31 

48-14 

48-14 

48-85 

50- 18 
52-11 
53*67 
55*14 
56*15 
56*05 

57*15 

56*86 

56*22 

55-47 

54*32 

53*20 

52*16 

51 - .‘IS 
50*70 
50*00 
40*65 
40*17 


52*13 


Mean temp, of the whole year by this table, from 8760 observations, 52*13. 
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Hourly Register for 1831. 

Tahi.e hi. Contiiiiiins^the Daily and Moiitlily Mean Tempera- 
tures for 1831. 



Mean temp, of the whole year by tliis table, from S7b') observation' , 
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Taiieb IV. Shovviiiju; tlic Mwin Toinponiturc of each Hour for 
each Moiitii of 18.34, and for the whole Year. 


Hour. 

1 A.lVl. 

2 

M ... 

I ... 

5 ... 

0 ... 

7 ... 

8 ... 
!) ... 

l(i ... 
11 

12 ... 

1 f.M. 

2 ... 
... 

t ... 
T) ... 
(J ... 

7 ... 

8 ... 
9 ... 
10 ... 

II ... 

12 ... 


Jail. I Feb. I War. 

1 


April May 


,L 


!48'(;()-i5-(50,4G-00 44-70,5 1*80 
48-.W4 1-90 1.V50 44-30 51-20 
|4s-2o'u-.i0|ir.-)()i3-8o';i(m! 
I8-I(i 4 l-4(i:t5-(K)| 1370 50-(!» 
47-!>(»'44-l(i;44'!)0:l3'50:.0-(!0 


t7-r)(r4:i-!io;4 !•[)(•. 


|44-30;.'>17tl| 


[4770;43-!i0'4.Ve(»i U!o0;35-10}5«-.'>0 02-86 60-40 

;0 64-60 63- lo!60-2tl| 
65-90 
IC(i-30' 


t7-!IO;44-30j (7-3oj4y-70.i7-80 
'4S-7(i;45-804i)-10j.'.2-30|5!)-70 
liK')04 7-!l0!.'i0-70 54-40,6 1 • 1 0 
bo-4(i'4y-7(»W-0053-70'62-60 63-10167-10166-80! 


June. 


July. 


i58-80| 

48-4(i’ 

58-2(i 

58-30 

58-8(> 


34-50 
|54-loj 
!53-ori 
.')3‘70 
53-90 

155-8059-901 


I-;)' 

00-31 

j()l-79 

told 


50-80 50-50 i 52-90!5G-90 03‘70|(>3- i0| 

i I ! 

50-90^5 1 -20153- 40j5770 04-40 

50--l(;50-9052-GGi57-40(M-10 

1 

50-0050-30 

-19-80j49-3051-2054-70'H2-40 
49-31) 47-GO 50-36 53-40 (11-60 
49-1 o!47-50 49-10 5 1-50 59-00 


52-10 56-60 63-301 


|49-20;46-80|47-76 
17-30 
16-76 
46-50 
16-204. 
16-00 


18-6046-10 

48-50*l6-10 

148-7045-90 

18-7646-10 

'48-7046-00 


Means 48-99;16'80 


49-40 


48-7056-50 


48-00 


48-28 


|63-80 68-46 67-90 67-50 
|63-5668-10 67-9066-90 
163-40 68-00 67-70 66-00 
66-7064-40 
65-60 
64-40 


62-46 

62-10 

60-90 


57-70 


55-30 


46-40,54-(M) 

5-7053-20 


15-20 


52-60 


49-70 


37-10 


159-56 


|57'70 

36-80 

56-1 

55-501 


')4-80 


58-80 


Aug. 


Sept. 


158-60 
58-10 
57-70 
.57-40 

57- 20 

58- 5057-40! 


57-90| 

57-50 

57-20 

57-00 

57-2(j 


58-60 


0(t. 


I Mean an- 


ol‘ each 
hour. 


|51-KCjt4-8f!l44v0| 50-04 
51-50 44-80 44-30| 50-20 
51-30^44-9044-20 49-98 
51-(H) 44-90 44-40' 49-93 

51 - 30 44-8(»44-4oi 49-88 

52- 3044-7044-40 50-45 


145-0044-30 


i53-00 

54-40 45-3oj44-0O 
j05-40j02-70 .)0-5o!40-80i45-2O, 
iOO-70 04-70 


100-00 


58-50 48-40 10-40; 

.)9-70'49-00 47-eo| 

Li. i 


i67-90 67-50 67‘10 60-10 5()-60 49-39, 5 


167*36 

|66*16 

65-26 


63-86 

62 -io 

60*70 

o(;o-io 

59-16 

58-90 


63-15 


j57-30 
I62-9056-00 


62-50 


|59-90!50-7o|48*80 
58-70 50-00 48-3o' 


61-50 


62-80 
|6M0 
60-20 
59-60 

59-4058-301 
58-80 


60-30 

39-10 

59-00 

58-50 


38-20 


51-78 
53-20 
51-99 
56*39 
57*53 
58*39 

1 

, ■ f 

60-10|51-30;49-60 58-85 
58-44 
57-86 

48-60;47*20'; 56-78 
55*72 
54*69 


47-4046-20j 
54-96 46-8045-70' 


53-90 46-80j45-40l 53-61 
53-56 4a-40|45-2oj 52*72 
53*20 46*2045 10i 52*21 
52-80 45-90 45-20; 5164 

o2-3o'45-46!44-9oI 51-27 

! ! 

52-20;45*40.44-70! 50*95 


610854-87 


46-98 


45-80, 53*67 


Moan temp, ol’the whole year by this table, from 8760 observations 53*67. 
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Mean Hourly Kegisters for the Years 1833 and 1834. 

Table V. Contaiiiiii^ the Daily and Monthly Mean Tempera- 
tures for 1833 and 1834. 


I ; I I i I I 

Day. Jan. Feb. : Mar. ' April. Mav. June. ' July. | Aug. ' Sept. Oct. Nov. Dec. 

I L ’ I ! I 

1 41-25 45-10 47-!)5i4y-4o'52-30«l-85j59-80 65 - 25 J 57-35 56-00 53-45 5 1-85 

2 45-45 47-55'5 1 -(W 45-75154-45 60-25 W4oj64-3056-75 56-35 51-20 49-90 

3 45-50 49-05 50-25 50-05j54-5557-0oWl0 64-35 58-75 56-00 49-35 49-55 

4 44-3O49-5049-5O 49-25'58-OO55-0O61-a5|61-4059-0559-5048-0OS2-30 

5 42-8049-7049-75 47-3057-2oj57-05 62-3o!60-8058-1057-2054-55 49-85 

6 45- I5j4 7-50 46-60 48-9o'57-95 58-15|62-85j61-20 58-65 5710 55-65 49-80 

7 44-15 47-35 47-00 48-05 j58-4o|59-3s'59-3S|eO-35js7-75 57-«> 52-35 52-05 

8 44-35*48-75 45-85 47-45'57-70M-65!62-6o|e2-;i5l59-8055-95 48-55 47-75 

9 42-85*45-05 43-2048-25'68-4558-7oj61-95'61-95j60-35 57-85 48-05 49-60 

10 46-15*47-85 43-75*47-45 54-35*58-5064-35 '60-90js9-2055-00S0-1046-40 

11 47-85|47-3o|43-95L-75L5-15U-4oj60-75^63-4059-1653-35 48-a5 46-35 

12 47-9047-83 42-50*44-20l57-5oi55-35j60-6063-20*57-SO;54-0545-95 41-85 

13 48-30'46-30'43-6o'46-lo'56-40|36-65 61-50 81-loj58-4O54-y5j44-85j45-O5 

14 47-6o'46-65!45-4oj46-6o]56-4oV)8-15*60-50 59-^5 59-35 57-30 43-35 43-60 

15 45-lo'44-15|43-2048-45 60-1057-75*61-5061-1058-1050-8544-2046-95 

16 45-80*41-35 45-05*47-4559-1o'57-75 63-85 64-50 60-50153-95 48-50*48-95 

17 45-6oj44-8o|44-05|'47-6555-4o'57-9066-75 63-8060-5052-1051-60*47-45 

1 8 45-5o'45-45;43-Oo|48-95|54-1o|58-3o'65-75 62-30 60-00 51-051*49-40 47-55 

19 42-45 46-3o!42-3551-20;55-65 58-55 61-25 62-95 60-85 52-6045-10 48-45 

'III' 

20 43-6045-8043-5053-95:53-6059-95 59-05 62-8059-55 54-95,45-55 46-25 

I I I * 

21 44-6543-.3042-8053-35j58-10,57-95j61-4562-0061-7054-90j46-0042-50 
32 44-5544-75 42-2o|49-75 62-65,!58-55:62-8559-8060-85 55-1650-05*46-70 

23 47-30*46-90 43- 105 1 -40 66-65 56-55j63-30 58-20 59-55 54-40 47-20 47-85 

24 46-50*48-60 44-50 49-90 65-30 57-00*02-4o'57-40 59-60 50-80 45-50*44-65 

25 46-55*45-90 42-9o!48-45 61-25 57-90 62-10*57-85 58-30 51-95 42-75 45-05 

26 46-85[47-35 41-70 49-40 56-60 56-65 60-55 57-65 58-20 49-40 42-20 46-05 

27 45-8048-00 45-1052-25 57-45 58-45 61-1056-95 57-65 52-65 46-4045-35 

28 47-85 48-85 46-15 52-15 59-2057-25 65-15 59-45 57-85 55-85 48-7045-60 

29 42-50 ... 45-70,50-2057-4559-8565-50*60-3058-1055-9048-2551-70 

30 44-20 ... 44-45*50-9561-3560-75 66-15 59-2056-7555-2549-0553-35 


31 U4-75 ... 45-70 


60-95 ... 6.3-7058-55 ... 54-00 


Means 45-3646-67 45-0248-9657-7058-15|62-3061-1058-9454-63|48-17|47-64 


Mean Icnip. of 1833 and 1831 by this tabic, from 17520 observations, 52*85. 
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Taci.k VI. Showing the Mean Tcmpeniture of each Hour for 
each Month of 1833 and 1834, and for the Two Years. 


Ill i 

Jan. Feb. I Mar. April. May. June. July. I Ang. ; Sept. Oct. Nov. C.'c. "I!/ ijjjl’" 
I I hour. 


. tl iia tS-S.'i 42-25 44-70 51-9054-(tt57-50 56-3055-35 51-5346-18 46-58 

44-43 45-30 41 -88 44-40 5 1 -4053-78 5713 55-66.55-00 5 1 -28 45-95 46-50 
44-20 44-70 41 75 44-05 51-15 53-58 56-83 55-40 54-85 5105 46-00 46-45 
11-18 41-8041-45 43-75 51-05 53-65 56-(« 55-05 54-58.50-9345-9346-50 
43 95 44-5041-2043-7051-1.553-9857-0854-9554-6050-6545-8846-50 
13-60 44-.50 41-28 44-25 52-.55 55-83 58-65 56-25 55-3351-30 45-73 46-58 

43- 75 44-55 42-05 46-38 55-70 58-00 61-,38 58-55 56-55 52-05 46-20 46-70 

44- 20 44-90 43-75 49-40,58-45 59-78 63-40 61-6o'58-63 53-68 46-90 47-05 

44- 98 46-20 45-9051 -60 60-:i5 01-03 64-83 64-30 60-80 56-23 48-33 47-45 

45- 85 47-70 47-85 53-10 61-75 61-40 66 05 65-95 62-85 58-45 49-70 18-55 

16- 83 49-15 48-75 5 1.33 63-00 62 08 67 15 66-75 63-95 59-78 50-95 49-40 
47-.55 50-15 49-80 55-30 64-05 02-40 67-75|67-05 65-08 60-33 52-10 .50-50 

. '47-65 50-;i5 50-30 .55-90 64-55 62-75 68-63 67-50 65-40 60-50 52-45 50-70 

17- 18 49-90 49-68 55-55 64-55 62-61 67-90 67-50 IK- 10 60-00 .52-2oU-05 
16-95 49-50 49 05 54-80 03-75 62-15 67-60 67 05 64-08j58-95 Sl-lsU-OO 

46- 55 48-55 48-30.53-45 62-94 61-61 66-93 66-10 e2-7057-65l50-00j48-78 
15-98 47-4047-43 52-13 61-85 60-90 65-73 65-00 61-13]56-23 48-80 47-73 
45-55 47-05 46-2050-5059-95 59-85 64-43 63-5059-65154-93 48-33 47-40 


7 ... 45-45 46-65 44-98 48-65 58-08 58-63 62-88 61-75 58-25 53-95 48-20 47-23 52-90 

8 ... 44-9O46-4544-4047-7556 6557-3O61-206O-2O57-2853-5347-8547-13 52-05 

9 ... 44-90 46-35 4.3-83 47-10 55-45 56-38 59-80 59-05 56-8oj53-OS 47-40 47-05 51-45 

10 ... 44-8546-2043-1540-0054-1055-7559-00.58-1056-0852-6047-0547-03 50-85 

11 ... 44-7846-2542-95 4.5-555.3-5555-3058-3857-5555-7352-0846-6346-88 50-54 

12 ... 44-6046-1542-5545-0052-9554-7357-7056-8055-5551-9846-5046-75 50-11 

Means 4530 46-79 45-04 19-00 57-.5.3 58-16 62-20 61-16 58-97 54-69 48-19 47-72 52-90 


Mean temp, of 183t3 and 1834 by this table, from 17520 observations, 52*90. 
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Table VII. ShoM-iiig tlie Mo:ui Hourly Toinporatiin’ for each 
of the Seasons, viz. Spriiiif, Summer, Autumn, aucl Winter, 
for the Years 1833 and 1834. 


Hour. 

Spring. 

1 Summer. 

Autumn. 

Winter. 

1 A.M. 

IG'28 

55-94 

51-02 

1.1-6.J 

- 

45-8J) 

55-92 

.7071 

15-37 

3 

45-65 

55-27 

50-63 

45-11 

1 ... 

45-41 

55-07 

50-18 

45-16 

i» ... 

45-35 

55-33 

50*35 

44-98 

6 ... 

i 4602 

56*89 

50-78 

41-89 

7 ... 

48-01 

59-31 

51-60 

45-00 

« ... 

rio-r.3 

61-59 


45-43 

9 ... 

5201 

63-38 

.m-12 

l(;-2l 

10 ... 

51-23 

64-46 

57-00 

17-36 

11 ... 

55-38 

65-32 

58-22 

48-48 

13 ... 

56-38 

65-73 

59-17 

49-10 

1 I'.M. 

56-91 1 

66-09 

59-51 

19-.i;6 

1 

2 ... 

56-59 

66-01 

59-10 

49-01 

3 ... I 

55-86 

65-60 

58-07 

18-65 

4 ... 

54-89 

64-88 

58-78 

17-96 

5 ... 

53-80 

63-87 

55-38 

47-03 

fi ... 

1 

52-21 

62-59 

54-30 

1 

46-66 

7 ... 1 

50-57 

61-08 

53-46 

16-11 

8 ... 

49-60 

59-56 

52-88 

46-16 

0 ... 

48-79 

58-41 

52-41 

46-10 


47-85 

57*61 

51-91 

16-02 

11 ... 

47*35 


51-48 

45-93 

12 ... 

46-83 

56-41 

51-34 

45-83 

Means 

50-55 

60-55 

53-95 

46-55 


Mean temp, of the two years by this table, from 17520 observations, 52-90. 
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Table VIII. Showing the Mean Hourly Temperature for the 
Six Siiniiner Months, from April to September inclusive, and 
for tlie Six Winter Montlis, from October to March inclu- 
sive, in the Years 1833 and 1834. 


Hours. 

Summer Months. 

Winter Months. 

I A.M. 

53*29 

46*15 

2 ... 

5289 

45*88 

.-5 ... 

52*63 

45*69 

4 ... 

52*43 

45*63 

5 ... 

52*57 

45*45 

6 ... 

53*52 

45*49 

7 ... 

5«-08 

45*88 

8 ... 

58*27 

46*78 

9 ... 

60*48 

48*18 

10 ... 

61*85 

49*68 

11 ... 

62*87 

50*81 

12 ... 

fi3-60 

51*73 

1 r.M. 

6402 

51*99 

2 ... 

63*81 

51*49 

3 ... 

63*23 

50*84 

4 ... 

62*28 

49*96 

5 ... 

61*12 

48*92 

(i ... 

59*65 

48*24 

7 ... 

58*03 

47*77 

8 ... 

56-72 

47*37 

9 ... 

55-76 

47*13 

10 ... 

54*85 

46*86 

11 ... 

54*08 

46*59 

12 ... 

53*80 

46*42 

Means 

57-826 

47*955 


Moan temp, of the two years by this table, from 17520 observations, 52*89. 


18.35. 
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The hourly observations for 1833 and 1834 having been thus 
discussed, and the mean results disposed as in the eight pre- 
ceding tables, we may now proceed to consider the general re- 
sults deducible from them. 


Periods of Maximmn and Minimum of Temperature^ Mean 
Temperature of the four Seasons of Summer and fVinter^ 
and of the whole Year. 

1833. 

Maximum SO, took place July 30, at 2 p.m. 

Minimum 28, occurred March 13, at 5, G, 7 a.m. 

Mean temperature of 10 days about the summer solstice, viz. from 1 r-^.ro 

June 15 to June 25 j- oi 

Mean temperature of 10 daj's about the winter solstice, viz. from \ rjQ.Q.> 

December 15 to December 25 J ' 

Mean temperature of the four r Winter, viz. Jan., Feb., Dec Kh 

seasons, from 2190 observa- J Spring, viz. Alarch, April, May ,.. -19*10 
tions by Table 111., including Summer, viz. June, July, August ...59'.')2 

3 months each Autumn, viz. Sept., Oct., Nov 53*50 

Mean temperature of winter Winter, viz. Jan., Feb., March, \ 4^.97 

and summer, from 4380 oh- Oct., Nov., Dec. 

servations by Table IV., in- 1 Summer, viz. April, May, June, I 

eluding 6 mouths each L July, Aug., Sept. . j ^ ‘ 

Mean temperature of the whole year, from 8700 observations by \ r.> 

Tables I. and II j- o- j- 

Mean temperature of October, being the nearest to that of the year ... 5 1 *50 


Extreme range of temperature 52- 

Mean range of temperature 9*03 


18,31. 


Maximum 80, occurred July 17, at 4 p.m. 

. o., if February 17, at 3, 1, 5, 0, 7 a.m. 

Mmimum .12, occ.ined | ^ 


Mean temperature of 10 day.s about the .summer solstice, viz. from 1 

June 15 to June 25 J 

Mean temperature of 10 days about the winter solstice, viz. frojn "1 
December 15 to December 25 . j 

Mean temperature of the four Winter, viz. Jan., Feb., Dec 

seasons, from 2190 observa- Spring, viz. March, April, May ... 
tions, by Table III., incliid- Summer, viz. June, July, August ... 

ing 3 months each . Autumn, viz. Sept., Oct., Nov 

Mean temperature of winter Winter, viz. Jan., Feb., March, \ 
and summer, from 4380 oh- Oct., Nov., Dec. . J ' 

servations, by Table IV., in- Summer, viz. April, May, June, \ 
eluding 6 months each July, Aug., Sept. . / 

Mean temperature of the whole year, from 8760 observations, by \ 

Tables III. and IV / 

Mean temperature of October, being the nearest to that of the year ... 

Extreme range of temperature 

Mean range of temperature...,,. 


58*79 


43*06 

47* 

51-76 

GI-43 

.54*20 

48-56 

58-73 

53-GG 


54-700 

48- 

10*18 
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1833 and 1834. 


Mean maximum 

Mean minimum 

Mean temperature of 10 days about the summer solstice , 
Mean temperature of 10 days about the winter solstice 
Mean^temperature of the four ‘ ' ” 

seasons, from 4.‘180 observa- 
tions, by Tabic VII., includ- 
ing o months each 

Mean temperature of winter 
and summer, from 8760 ob- J 
servations, by Tabic VIII. 
includiim 6 months each .. 


Winter, viz. Jan,, Feb., Dec 

Spring, viz. March, April, May ... 
Summer, viz. Juno, July, August 

Autumn, viz. Sept., Oct., Nov 

Winter, viz. Jan., Feb., March, \ 

Oct., Nov., Dec. . J *” 
Summer, viz. April, May, June, \ 
July, Aug., Sept., j 
Mean temperature of the two years, from 17,520 observations, by 1 

Table VI I / 

Mean temperature of October, the nearest to the mean of the two years . . 

Extreme range from the mean of the two years 

Mean range from the mean of the two years 


SO- 

SO* 

58*185 

46*540 

46*57 

50*55 

60*50 

53-9S 

47*955 

57*826 

52*00 

54*60 

50* 

9*871 


Dcuhj Progression of Temperature, 

The daily tenipcrature for each hour for each of tlic years 
IS.hl and 1831, together with the mean of the two j^ars, is 
projected under the form of curves in Plate VI., from the num- 
bers in the last columns of Tables 11., IV., and VI. The dot- 
ted curved lines i’ej)resent the progress of the daily' temperature 
at Leith. 

Each point of the mean curve is the result of JT.IO observa- 
tions, and each point of the curves for the separate years the 
result of 3r)5 observations. From these it appears that the 
temperature is lowest at 5 a.m., after which it steadily increases 
until 1 P.M., when it again descends to the minimum. Thepe- 
i'i()<l of ascent being eight hours, and that of the descent sixteen 
hours, wliicli numbers arc in the ratio of 1 : 2, Taking the ra- 
pidity with whi(*h the temperature increases or decreases be- 
tween the points of maximum and minimum, through a given 
mimber of degrees, as inversely proportional to the times, we 
may conclude, in neglecting the intermediate changes, that upon 
the whole the heat of the day advances in this ease with twice 
the rapidity of the cold of the night. The general agreement 
between the curves of the two years and the mean is very strik- 
ing, and shows a close approximation in the observations to the 
true form of the daily curve. On comparing these results with 
the hourly register at Leith Fort for the years 1824 and 1825, 
wc observe, as shown ])y the dotted curved lines in Plate L, 
that the maximum does not take place at Leith until two hours 
after it occurs at Plymouth, whilst the minimum occurs at 
nearly the same hour. The curves also are, as miglit be autici- 
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pated, more tliittcncd as \vt‘ advance northward, and lower in 
tlie scale. 

The aseeiiding motion in the Leith eurves is !) hours 10 mi- 
nutes, and the descending motion M hours 20 minutes, which 
are to each other in the ratio of 2 : 3 nearly. The heat of the 
day in tins case advances one third more rapidly than the cold 
of the nii^dit, but not so rapidly as at Plymouth, in the propor- 
tion of I : 3. 

The form of the daily curve's for the different months and the 
four seasons is seen in Plates YIl. and VI II. They are pro- 
jected from the mean results in Tables VI. and VII. 

In Plate VII. the curves evidently sliow three distinct varieties 
of temperature, as indicated by a i^eneral coincidence in the 
blue, red, yellow, and black lines, constituting the curves of 
spriiii*-, siimnier, autumn, and winter. TJu'se are more com- 
pletely reduced in Plate VlII., in which we immediait'ly distinj^nisli 
the sharp, full curve of sprin<(; the collapsini*- and less sharp- 
ened curve of autumn ; the full, broad, rounded curve of sum- 
mer; and the low, flattened curve of winter. The autumnal 
curve evidently approaches more nearly to the curve of winter : 
its sides, instead of presentinji^ a full appearance, rather tend to 
fall in, and assimilate with, the form of the winter curve; this 
is especially evident in the afternoon branch. The curve of 
spring, on the contrary, has its branches fuller and more rounded, 
and evidently ajiproaches in general character the curve of sum- 
mer. These peculiarities in the general form of the respective 
curves are also observable in Plate VH. and are well marked in 
the curves of April and October; hence it seems more natural 
to class April with tlu' summer months, ami October with the 
winter. '^I'he res})ective differences and agreements in the eurves 
of these months, which have been considered by many meteoro- 
logists as having a mean temperature ecpial to that of the whole 
year, are not unworthy of notice : they both approach the form 
and character of the annual curve, and to a certain extent re- 
semble each other; they differ, however, greatly in other re- 
spects. The general mean of October is above that of April, 
but the range of temperature is less. The mornings and even- 
ings of April are much colder than those of October, which are 
comparatively warm, and far above the mean temperature of the 
year. April, as observed at Leith, unites the low temperature 
of winter with the high range of summer; whilst October 
unites the high temperature of summer with the low range of 
winter. The great regularity of the eurves of these months, as 
shown in Plate VIL as also the regularity of the mean curves 
observable in Plate IX. are very striking and remarkable. 
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In Plate IX. arc projected the mean siiminer and winter curves, 
from the two columns of Table VIII. These are extremely regu- 
lar, more especially the former ; each point of each curve is the 
mean of 3(15 observations. The mean annual curve is also shown 
between these as projected from the last column of Tal)le VI. 

The summer curve descends regularly from midnight until 1 
A.M., when the greatest cold occurs; it then ascends with ex- 
traordinary rapidity and regularity until I p.m., after which it 
descends with great regularity, but with less rapidity, to its 
luinimuin; the tf)tal mean range being about 11 degrees and a 
luilf. The [)eriod of the ascent is nine hours, and the descent 
fifteen hours, w hich numbers are to each other as 3 : 5. The heat 
of the day in summer, therefore, increases at Plymouth faster 
than the cold of the night in the ratio of 5:3. It is interest- 
ing to observe the dillerencc betw^cen this and the summer curve 
at Liiith, w hich rises less rapidly, and somewhat less regularly, 
until 3 I’.M., after w^hich it finally descends wnth rapidity to the 
minimum; the total mean range being about 8*5°. The period 
of its ascent is eleven hours, and the descent thirteen hours ; 
hence the heat of the day increases in summer at Leith more 
rapidly upon the whole than the cold of the night in the ratio 
of 13 : 11, being less than the rate of increase at Plymouth by 
nearly one fourth. 

The w inter curve for Plymouth descends regularly from mid- 
night until () A.M., at which time the cold is greatest: from 
this time it rises until 1 p.m,, as before, the period of its ascent 
being seven hours, and that of its descent seventeen hours : 
hence wc may conclude, in neglecting the intermediate grada- 
tions as before, that upon the wdiolc the heat of the day ad- 
vances in winter at Plymouth more rapidly than the cold of the 
night in the ratio of 17 -7^ or as 5 : 3 nearly, being about ^ 
times more rapidly than in summer. In the winter curve for 
Leith there is a gentle rise of temperature after midnight, w hicJi 
is not apparent at Plymouth. On comparing those curves in 
Plate IX. w ith the analogous curves of Sir David Brew ster for 
Leith as showm by the dotted lines, w c find some interesting 
points of dillerencc. The afternoon branches of the Leith curves, 
for example, especially those of summer, as also the mean curve, 
arc more full and protrusive than the similar curves for Plymouth. 
In the individual curves for Leith which compose the winter 
group, and from which the dotted yellow^ and blue lines in 
Plate IX. arc deduced, there is a rise of temperature after mid- 
night, and then a subsciiuent fall ; this, how ever, does not seem 
ever to occur at Plymouth, nor does it occur in the summer curves 
for Leith. 
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On the Periods of Titnc at tcitich the Annual DaiUj and other 
Curves cross the line of Mean Temperature. 

If we consider the innrch of temperature through the day, it 
is obvious that the temperature of certain periods is tlie same as 
that of the mean temperature of the whole twenty-four hours j 
and since the thermometer increases and decreases regularly 
once in each day, wc may infer that the periods of mean tem- 
perature are generally two, one of them being in some point of 
the increase at morning, the other at some point of the decrease 
at evening. We may extend this consideration in a similar 
way to other periods greater than a day ; such as a m{)nth, 
three months, six months, or a whole year. And hence, if a 
line of mean temperature be drawn for tlie respective curves in 
Plates VI., MU., IX., ^c., it is evident that each of these curves 
will cross that line twice in the course of their progress. We 
shall first, by refen nees to the preceding tables and plates, endea- 
vour to determine the particular hours, the mean temperature of 
which, as deduced |jy observation through the whole year, is 
e(pial to the mean temperature of the whole twenty-four hours, 
as deduced from similar observations. 

The determination of tiic two times of the day at which the 
mean temperature happens, is an object of great interest in the 
science of meteorology; it enables an observer to arrive at the 
mean temperature of any given j)!acc by two observations, or 
even one, each day. '^l^hese critical times, however may vary 
materially, both witli the latitude and height above' tlie sea : 
hence the necessity of ascertaining by extensive observation the 
laws of this variation. 

It appears from Table VH. that the mean temperature of 
Plymouth, for the whole year, is 52’90; we may take this as 
the average mean temperature of twenty-four hours, as shown 
in the last column of Table VI. Now the critical times in the 
twenty-four hours at which this mean temj)eratiire happens, 
will, from Tables II., IV., and VI., he as follow : 

Table IX. 


Years, 

Times of Morning 
Mean 'J’ciniHTatiire. 

Times of Evening 
Mean Temperature. 


h 

m 

Ii ni 

1833. 

7 

59 

7 3 

1831. 

8 

13 

0 .58 

Mean 

8 

() 

7 

Moan by 'Fable VJ. 

8 

9 

7 


* Edinburgh Phil, Trans, vol. x. p. 
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Wc observe here a considerable approximation to the mean 
ill the results of each year, and may therefore conclude that the 
mean daily curve, as exhibited by the yellow line in Plate VI. 
will cross the line of mean temperature about 9"^ a.m. and 
7’’ P.M., the interval being 10*' 5P“. 

Although these critical times may be greatly influenced by 
latitude^ &c., yet the difterences in the interval which elapses 
between the morning and evening mean at diflferent places seems 
comparatively inconsiderable. 1 have arranged in the following 
table the times^ of mean temperature for a few places at 
which these elements have been determined, and by which it will 
be perceived that the interval amounts nearly to eleven hours. 


Table X. 


Plat'c. 

Latitude. 

I.ongitiule. 

. 

£ 

p— 

Distance 
from Sea. 

'rime of 
Morninf' 
Mean. 

Time of 
F.vening 
Mean. 

Interval 
between 
Morning 
and Kven. 
ing Mean. 

FjCMtll 

0.5 oO 

3-13 W. 

feet. 

25 

feet. 

GOO 

1» m 

0 13 

it in 

8 27 

it in 

11 M 

Plymouth ... 


4*6 i 

GO 

too 

8 9 

7 

10 51 

Piuluii 

45 -.36 

11-55 K. 

... 

... 

8 41 

7 52 

11 11 


It is to be observed, that of these places the comparison be- 
tween Plymouth and Leith is the most accurate, since the ob- 
servations are in each case compared with the mean temperature 
of the twenty-four hours, and not with a mean temperature ob- 
tained in a more general way. 

The hours of mean temperature which wc have been just con- 
sidering being deduced from the mean results of the whole year, 
do not consequently apply to a less period of time. It may not, 
therefore, be unnecessary to determine the critical hours for 
other periods of time less than a year. The principal of these 
are given in the three following tables. 


Table XI. — Showing the Hours of Morning and Evening when 
thcMean Monthly Temperature occurs, as deduced by TableVI. 


Mean 

ofm-i 

^fel834. 

Jan. 

Feb. 

Mar. 

ifltril. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

A.M. 

h m 

9 22 

h m 

9 23 

It m 

8 3G 

it m 

7 M 

h m 

7 39 

It m 

7 50 

h m 

7 21 

h m 

7 51 

h m 

8 9 

h m 

8 23 

h m 

8 54 

1 h m 

9 14 

P.M. 

7 Ifi 

0 39 

G 58 

6 47, 

7 25 

7 21 

7 25 

7 23 

G 28 

fi 15 

7 20 

5 20 
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Table XII. — Showing the Hours of Morning and Evening when 
the Mean Teniperature of Spring, Suninier, Autiinin, and Win- 
ter occurs in each season, as deduced by Table VII. 


Moan of 
18S3 and 1834. 

Spring. 

Summer. 

Autumn. 

W’inter. 


h 

m 

Bi 

H 


h in 

A.M. 

8 

1 

H 

jm 


9 18 

P.M. 

7 

1 

m 

m 


() 80 


Table XIII. — Showing the Hours of the Morning and Even- 
ing when the Mean Temperature of Summer and Winter oc- 
curs in each season, as deduced by Table VIII. 


Mean of 
1834 and 1834. 

Summer. 

Winter. 


h 

lU 

h m 

A.M. 

7 

18 

8 50 

P.M. 

1 

7 

9 

0 37 


Relation of the Mean Temperature of each Hou)\ and each 
similar pair of Hoiirs^ to the Mean Annual Tonperature^ 
or Mean Temperature of the whole Twenty-four Hours^ as 
deduced by Table VI. 

It appears from the Hourly Registers at Plymouth and at 
Leith, that any number of daily observations of the thermome- 
ter seldom give a correct mean result without corresponding 
observations at night. The deviation with three observations in 
the day, is nearly three times as great as that arising from only 
two observations taken at any similar pair of hours. We gain, 
therefore, very little by multiplying daily thermometric obser- 
vations without reference to some general principle of guidance. 
Hence the importance of determining, by experiment in differ- 
ent places, the relation between the mean temperature of the 
twenty-four hours and that of any single hour, or any similar 
pair of hours. In the following table will be found the mean 
temperature of each hour for the years ISoS and 18.34, w ith the 
deviations of each from the mean of the whole year, or of the 
twenty-four hours, as deduced by Tables II. and IV ., as also that 
of the mean temperature and deviations of each hour for the 
tw() years together, as deduced by Table VI. 









by Table VI- j By Table IV. ! By Table 11. 
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Table XIV.— Showing the relation between the Mean Tempe- 
rature of each hour and that of the whole day. 


Hours. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 ; 

11 

» 

A.M.- 

“1 

Temp. 

. Deviation. 

Tomp. 

Deviation 

4S‘80 

57*15 

■1-.V02 

48-52 

-.3*51 

5(j-8r) 

+472 

48*34 

-3*79 

56*22 

+4*t)9 

48*14 

-3*99 

56*47 

+3*34 

48*14 

-3*99 

54*3‘i 

+2*19 

48*85 

-3-28 

53*20 

+ 1*07 

50*18 

-1*95 

.52*16 

40*03 

52*14 

40*01 

51*38 

—0*75 

53-67 

41*54 

30*70 

-1*43 

55-14 .56-15 ! 56-95 

1 i 

43*01 44-02,44*82 
50*00 1 49*65 49*17 
-2*13 -2'48 j-2*96 


Temp. 

50-()i 

,•>0*26 

49*98 

49*93 

49*88 

50*45 

5178 

53*29 

51*99 

56*39 

57*53 

59*39 

A.M.^ 

. Deviation 

-3*03 

~3‘41 

-3*69 

-3*74 

-3*79 

-3*22 

-1*89 

-0*38 

! 

41*32; 42*72 

43*86 

44*72 

r Temp. 
P.M. 4 

58*H:) 

58*44 

57*80 

56 78 

5572 

j 54*69 

53*64 

52*72 

52*21 

^ 51*64 

51*27 

50*95 


L Deviation 


+477 

+4*19 


4 2*05 

j-fl*02 

-0*03 i 

-0*95 

-1*46 

-2*03 

' 

-2*40 

-2*72 


'I'cmp. 

4^72 

49*39 

49*16 

49*03 

49*00 

1 49*65 

50*98 

' 52*63 

54*33 

55*76 

56*84 

57t7 

A.M.- 

. Deviation 

-•VIM 

-ivr.! 

-3*74 

~.3*87 

-3*90 

-3-25 

-1*9*2 

1 

''-0*27 

1 

'41*43 

4*2*86 

4391 

44*77 


f Tump, 

5S*(I0 

57*68 

57*ni 

56*12 

55*02 

53*9 1 

52*90 

52*05 .51-45 

50*85 

50*54 

50*11 

P.M. ^ 

[. Deviation 

+ 5*10 

1+4*78 

4-4*11 

-i-3“22 

+2*12j-M*04 

JJ 

-0*85 

j-r45 

-2-05 

-2*36 

-2*79 


We perceive by this Table that the mean annual temperature of 
any liour in the day never differs more than about 5° from the mean 
annual temperature of tlie twenty-four hours. Sir David Brewster 
found the difference at Leith much less, viz. about 3° only. He 
also observed that of the two years 1824 and 1825, the devia- 
tions were uniformly greater in the warmer year, that is, in 
1825, the mean temperature of which exceeded that of 1824 
by more than 2°. A similar result, however, is not apparent 
at Plymouth, the deviations being less in the warmer year, tliat 
is, in 18.34, the mean temperature of which exceeded that of 
1825 by about a degree and a half; future observations may 
probably lead to some explanation of the cause of tliis anomaly. 

The mean temperature for Plymouth may be, however, deduced 
from a register containing only one observation in the day, by 
applying, according to its sign, the correction given in the 
preceding table. 4'hus if the observed mean temperature for 
9 A.M. as deduced by the observations through the whole year, 
was 5 4*,33 ; then the mean temperature of the whole twenty- 
four hours for the year would be 54’33— P43, since the mean 
temjieraturc of 9 A.m. exceeds the mean temperature of the 
twenty-four hours by 1'43 ; that is, in applying the respective 
corrections we reverse the signs. 
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Tablk XV.— Showing the relation of the Mean Temperature 
of every similar Pair of Hours to that of the whole day, or 
Mean Annual Temperature. 


■ 



H 

B 

B 



B 

B 

9 




1 








B 






1 

Mean Temp. 


n 

n 

M 


51*03 

HQ 

B 

52*18 



53*06 

P) 

CO 

Deviation 

-1-0-81 

+()*56 

+0*15 

-0*33 

-0*90 

110 

-0*96 

-0*37 

-0*05 

+ 0*41 

+0*77 

+0*93 


Moan T’emp. 

517^ 

5P35 

53*92 

53*35 

52*80 

52-.17 

5*2*70 

53*00 

1 53*()0 

1 

.54*01 

54*40 

54*6; 

s 

Deviation 

■fi-o; 

+ 0-6H 

+ 0*25 

-0*32 

-0*8/ 

-1-20 

-0*97 

-0*67 

|-0*07 

1 

■f-0-31 

+0*73 

4-1*00 

Jj 

Mean Temp. 

.5:p8(I 

i 

53-j3 

53*10 

52*57 1 

52*01 

5f7<l| 

51*91 1 

j 

52*31 

52*88 

53*30 

53*69 

53*89 

2 ' 

Deviation 


-h(l*63 

+0*20 

-0*33 

1 

“0*89 

-i-u| 

-o-!Kij 

-0*6() 

-0*02 

f0*l0 

+0*79 

+ 0*99 


It appears by this table — 

1st, That the deviation of any similar pair of hours from tlie 
temperature of the whole twenty-four or mean annual tempera- 
ture does not greatly exceed one degree of Fahrenheit : 

2ndly, That the meiin temperature of the pairs of hours from 
10'' to s'* inclusive exceeds the mean annual temperature, or mean 
temperature of the w'holc twenty-four ; and the mean tempera- 
ture of the pairs of hours from 3'' to 10'' exclusive is less than 
the mean temperature of the whole twenty-four : 

3rdly, That the mean temperature of 9'* and 9'' does not greatly 
differ from the mean annual temperature or mean temperature 
of the twenty-four hours. 

We may infer from these results that the mean temperature of 
Plymouth may be very nearly determined by two observations 
in the day taken throughout the year at 9 a. m. and at 9 v. m ; 
or by observations at any other similar pair of hours, provided 
we apply the correction for deviation as given in the preceding 
Table XV. according to its sign. 

It may not be unworthy of remark, that the hours of 9'* and O'* 
are nearly those which give the mean temperature of the day at 
Paris, At Leith, the mean temperature of 4'' and 4'' approaches 
nearest the mean, being those nearest the hours of the maxiraun 
and minimum. 
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For?)! of the four different branches observable in the mean 
annual daily curve. 

The preceding investigations furnish us with the following 
elements of the mean annual curve of the 24 hours. 


Mean temperature of the 24 hours by Table VI 52*90 

Mean minimum 49 

Mean maximum 58 

Diiferencc between max. and min 9 

Difference between max. and mean temp 0*9 -f 

Difterence between min. and mean temp 3*9 — 

h in 

Time of minimum temperature 5 0 a.m. 

Time of morning mean temperature 8 9 i».M. 

Interval l)eiween min. and morning mean 3 9 

Time of maximum tempei*atiire 1 0 p.m. 

Intervalbctwecnthc morning mean and following max. 4 51 

Time of evening mean temperature 7 

Interval between the max. and evening mean 0 0 

Interval between the morning and evening mean .... 1051 
Interval between the evening mean and following min. . 10 0 

Interval between the min. and following max 8 0 

Interval between the max. and following min 10 0 


The mean annual curve of the 24 hours, beginning and ending 
with the point of minimum temperature is projected in Plate X. 
It may be divided into the four following branches, C C being 
the line of mean temperature: 

1. The ni(}rning branch A B ascending from the minimum to 
the line of mean tcmperatiire, and including an interval of 3*^ 9"^ ; 

2. The noon branch BD ascending from the mean tempera- 
ture line to the maximum, and including an interval of 51'“ ,• 

3. The afternoon branch DE descending from the maximum 
to the line of mean temperature, and including an interval of 6^; 

4. The night branch E A descending from the line of mean 
temperature to the minimum, and including an interval of 10^*. 

On examining these four branches of the mean annual curve of 
the 24 hours at Leith, we may observe in them a somewhat 
close approximation to the parabola, on which account I 
have been led to calculate the mean annual hourly tempera- 
ture for Plymouth, on the supposition that they may be 
represented by the absciss, *fi of parabolas. Taking C C in 
Plate X. as the line of mean temperature, then CA, GD, and 
their parallels may be considered as the abscissae of the respec- 
tive^ curvilinear branches A B, B D, &c. above mentioned. Tlic 
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abscissiP referred to the line C C at; the general line of the or- 
dinates represent the deviations of tlie temperature of any point 
q for any time p taken on that line. IMie ordinates C B, B G, G E, 
E C make up the mean temperature line of 24 hours, or 1440 
minutes. One degree of temperature in the projection is con- 
vertible into GO minutes, being equal to an hour of time. We 
may hence readily obtain the abscissie in terms of the ordinates 
or reciprocally, by merely converting degrees into time. 

It is not therefore diflicult from the known equation to the 
parabola, or y ' = 4//.r, to calculate the temperature of any point 
q which should arise at any point of time 7 ;, on the supposi- 
tion that the four curvilinear branches are semi -parabolas, and 
so compare the observed temperatures with those of calculation. 
For this purpose the following formuhe may be employed, which 
are easily arrived at. 

Let T = the temp, for any point q at any time p ; in =: the 
min. = 41)^ ; M = max. = 58° ^ y = any ordinate taken on the 
line C C = variable in time. 


Then for the morning branch X B we have T = in -f 


AC X q\ 


for the noon branch B D T = M - 

(B G)- 

for the afternoon branch D E T = jM — ^ 


for the night branch E A 


AC X 7/ 

' (CE)"*’ 


By these formulie the curvilinear branches A B, B 1), of the 


• TIu*sc tonnula*, as shown by Sir David Brewster in his investigation of the 
Leith observations, are deducible in the following way: 

Taking one of the branches, as BD, Plate X. we have by the property of 
the parabola (i D ot (B If therefore 7 be any point of temperature at any 

given point of time 7;, tlien in drawing 7^ 7 and n 7 

D O : D » : : (G B)* : (« r/)^ . , ^ ^ 

• (y) (G B)- • 

Now it is to be observed that G D is the deviation of the maximum = M from 
the line of mean temp. = and 7 = G/^ = (G I) ~ n D) the deviation at time 
7>; hence temp, at point D = (^ -)- G D) = M, and for any other point 7 at any 
other time p we liave T = (^ 4- G D) — D w. Substituting therefore the values 
of (/4 -f G D) and D n in this equation, we get for the branch BD, 


T = M. 


G D.jp 
•((rB) 5 


and for D E T = M — 


D G .7/^ 


By a similar process wc arrive at the formulje for tlic branches below the 
line of mean temperature C C in , ‘substituting m for M, the value of in being 
m = (|C« — A C), 
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moan annual daily cumt have boon calculated^ on the supposition 
that they are seini-pand)olas of the following dimensions : 


Morning branch A B. 
Noon branch B D . . . 


r Ordinate B C = 192' = 3^*2 
1 Absciss. AC = 234' = 3^-9 
/Ordinate B G = 288' = 4^-8 
/Absciss. GD = .306' = 5^-1 
r Ordinate G E = 360' = 6° 


. p. , 1 iM? J Yiioinaie vj rj = ouu 

Afternoon branch 1) E j ^ 3 ^,^ 

Night branch E A 


/ Ordinate E C = 600' = 10° 

’ * AC = 234' = 3°*9 


The results are given in the following Table, which contains 
the calculated and observed temperature for each hour^ together 
with the dilferences. 


TarleXYI. — S howing the mean annual Hourly Temperatures 
for 1 833 and 1 834 at Plymouth^ as observed and calculated on 
the supposition that they may be represented by Parabolic 
Abscissie. 



Hours. 

Observed Tenip. 

CaleultedTemp. 

Dirtl-rences. 

c3 

MW 

f) A. M. 

49 = /;? 

49- 

0-00 

6 

49-51 

49-38 

+ 0-13 


7 

50-98 

50-52 

+ 0-46 

u 

o 

8 

52-52 

52-41 

-8 0 -1 1 


8 9"' 


52-89 


13 

9 

54 3.3 

54-36 

- 0-0.3 

c 

S'* 

10 

55-76 

56-03 

0-27 


11 

i)(!84 

.57.12 

- 0-38 

c: PQ 
o 

12 i’. M. 

57-07 

57-78 

- 0-11 

o 

1 

.58- = M 

58- 

0-00 


2 

57*65 

57*85 

- 0-20 

c 

cs 

3 

57-04 

57-47 

— 0-43 

M W 

' 4 

56-12 

; ,56-80 

- 0-68 

s Q 

5 

55-02 

55-85 

- 0-83 


6 

53-94 

54-64 

- 0 70 

<1 

7 

■JUI 

5.3-90 

0-00 


8 

.52 05 

52-24 

- o-in 

< 

9 

51-44 

51-57 1 

- 0-13 


10 

50 85 

50-96 

~ 0-11 

13 

11 

50-34 

50-44 

— 0-10 

§ 

12 

50-11 

50-00 

+ 0-11 

M 

1 A.M. 

49-72 

49-64 

+ 0-08 

rC 

2 

49-39 

49-36 

+ 0-03 

.SP 

3 

49-16 

49.16 

0-00 


4 

49-03 

49-04 

- 0 01 
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We observe in this Table that the approach of the branch E A 

at night to a semi-parabola is very close, the differences not 

being in any case two tenths of a degree of Fahrenheit. In the 

morning branch A B and noon branch B D the differences are 

somewhat more considerable, but still not so great as to destroy 

the approximation. In the afternoon branch, however, D E the 

deviations ainoimt in one instance to more than eight tenths of a 

degree, and are too considerable to warrant this brancli being 

taken as a semi-parabola. Whether more extended observations 

will tend to reconcile these differences is vet to he seen. 

» 

It is not unworthy of remark that although in the results of 
Dr. Brewster’s iiu|iiiries the deviations did not in any case exceed 
a quarter of a degree of Fahrenheit, yet the differences, as at 
Plymouth, were greatest in the afternoon branch. 

I hope at no distant period to present to the Association the 
results of the hourly obsemitions for live complete years, after 
which it is intended that the register shall close. Tliis lieport, 
at present necessarily limited, may then probably admit of further 
extension and correction, so as to obtain better approximations 
than those arising from two years observations only. 


Plyinoiitl), July 20tl), 183J. 
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Ileport of the Committee on Chemical Notation, 

Dr. Turner, the Chairman of the Committee appointed to 
take into consideration the adoption of an uniform system of 
chemical notation, made a report to the following effect 

1st. That the majority of the Committee concur in approving 
of the employment of that system of notation which is already in 
general use on the Continent, though there exist among them 
some differences of opinion on points of detail. 

2ndly. That they think it desirable not to deviate in the man- 
ner of notation from algebraic usage except so far as con- 
venience requires. 

3rdly. That they are of opinion that it would save much 
coilfusion if every chemist would always state explicitly the ex- 
act quantities which he intends to represent by his symbols. 

Dr. Dalton stated to the Chemical Section his reasons for 
preferring the symbols which he had himself used from the 
commencement of the atomic theory in 1803 to the Berzclian 
system of notation subsequently introduced. In his opinion 
regard must be had to the arrangement and equilibrium of the 
atoms (especially clastic atoms) in every compound atom, as 
well as to their number and weights. A system either of ar- 
rauffcments without weights, or of weights without arrange- 
malts, he considered only half of what it should be, 
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Off the Lifraorhita! Cavities in Deers and Antelopes^ vailed 
Larmiers hy the older French Naturalists, By A. Jacob, 
J/./)., Professor of Anatomy to the Royal College of Sur-- 
geons in Ireland, 

In compliance with the rccommeiulation of the Committee of 
the Zoological Section of the Association made at the meeting 
in Cambridge in 183.1, I have availed myself of such opportu- 
nities as have been afforded me for investigating the nature, 
structure, and uses of these remarkable parts. To those alto- 
gether uhac(|uaintcd with the subject, it is necessary to state 
that they consist of two oval depressions about an inch and a 
half long, half an inch wide, and more than three quarters o( an 
inch deep, in the majority of instances ; situated on the side of 
the face, and so near to the inner angle of the eye that they 
create a very reasonable suspicion that they are connected 
with that organ, and hence the term larmier applied to them, 
Tlie bottom of the depression is in most cases naked, but in 
some it is covered with the hair ; consequently it is composed 
of tlic skin formed into an open sac accommodated in a cor- 
responding depression in the bones of tlie face. In many ani- 
mals provided with this organ a gutter, formed hy folds of 
skin, leads so directly to it from the surface of the eye, that the 
passage of the tears from the one place to the other appears in- 
evitable, while in others this communication is so imperfect 
that a doubt is at once raised as to its destination to such a pur- 
pose. If the part in question be not a cavity, as suggested by 
some, in which the overflowing secretions from the surface of 
the eye are disposed of by evaporation, another reason for its 
existence must be assigned. The arguments which may be 
urged against the supposition that it is destined to receive the 
tears are, first, that it exists in the antelope.s and deers only, and 
is even absent or merely rudimental in many of tliese, while in 
animals said to be destitute of the usual canals for carrying off 
the tears to the nose, as the elephant and hippopotamus, it is 
absent ; secondly, that the solid concretion generally found in 
it is not composed of such ingredients as the tears and other 
secretions from the surface of the eye should afford. 

If the conclusion that these are cavities for the reception of 
tears be discarded, their identity of nature and character with 
the numerous provisions for the secretion of peculiar or odori- 
ferous materials suggests itself. In many instances, especially 
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in the Miimiiuilia, glands arc found opening on the surface of the 
skin and pouring out peculiar fluids sonietinics altogether un- 
connected with any organ. Such are the glands on the side of 
the head between tlie eye and car of tlie elephant ; those de- 
scribed by Tiedcinann between the eye and nose in certain bats, 
consisting of a sac with a folded lining membrane, affording a 
f(juti(l oily secretion, and beneath the eye in the marmot and 
two-toed anteater ; such also arc the glands on the side of the 
chest of the shrew, described by St. Hilaire, and the inguinal 
glands of hares. Still more remarkable examples arc furnised 
by the pouches affording the valuable odoriferous materials 
in the musk, beaver, and civet, and if additional examples be 
reijuired they are found in the otter, mole, hyena, ichneumon, 
badger, and the dorsal gland in the peccary. That the cavities 
alluded to iii the deers and antelopes afford peculiar and often 
odoriferous secretions, is established on the authority of several 
naturalists. Buflbn describes the contents in the stag as resem- 
bling ear-wax. Daubenton found the secretion in an old stag 
so much indurated as to constitute a solid mass, or bezoar as 
he calls it, eleven lines long, seven broad, and six thick. Cam- 
per found pretty large hard yellowish particles in the fallow-- 
deer. In a species of antelope first described by Dr. Herman 
Grimm, this organ secretes a fluid of such peculiar and distinct 
character that no doubt can be entertained of its nature. He 
describes it to be a yellowish fatty and viscous liumour, having 
an odour hetw- een musk and castor ; Vosmaer says that it har- 
dens and becomes black in time, and that the animal rubs it off 
on the rails of its cage, but he could not detect the musky odour ; 
Pallas, who describes the Antilope Grimmea particularly, con- 
curs in these observations. 

It may be objected to the conclusion that these cTre organs for 
the production of an odoriferous secretion, that the sac exhibits 
so little of glandular character that it appears inadequate for 
the purpose, especially when several of the external openings 
alluded to, as that on the head of the elephant and the back of 
the peccary, are merely the outlets of considerable glands ; but, 
on the other hand, many organs of this character are mere sacs, 
as that on the face of the bats, the bottom of which presents a 
peculiar folded appearance, and the cavities in the musk and 
beaver, which afford the odoriferous secretion in such large 
quantity, 

A statement respecting these infraorbital cavities has been 
made by the llev. Gilbert tVliitc in his Natural History of Sel^ 
hurne which might appear to originate in some error, w-ere it not 
supported by the more recent testimony of Major Hamilton 
1835. p 



Smilli. fjfcntlonirn statr that ulu'ii Ihi' iloia* drinks, tlu* 

air is forced out tliroii^'li these (a\ities, and aceordiiii;' to Major 
HainiUoii Sinitli may be felt by the hand, and alleets the llame 
of a candle, when held to it. Notwithslandini;- such a positive 
statement by twc) observers of ostahlislu^d character for faitldul 
description, the passage of air through these cavities cannot take 
place; they are perfectly impervious toward the nostril ; l)ut 1 
have no doubt that the fact stated is correct. The air seen to 
cr^cape passes^ not througl) tlie infraorbital sacs, l)ut through 
the lachrymal passages, which are very large, consisting of two 
openings capaljle of admitting the end of a crow’s (piill, the 
(‘iitrance to a tortuous canal which conducts the tears to the 
extremity of the .nose. Introducing a pipe into the outlet of the 
nasal duct at the extremity of the nose, J can without diflicidty 
force a current of air or water through tlie nasal duct, and it 
therefore appears reasonable to admit that the ellect observed 
by the two gentlemen alluded to arose from the animal forcing 
the air into the nostrils while the mouth and nose were 
immersed in water. Even in the human subject, air may be 
forced up the nasal duct into the lachrymal sac by filling the 
cavities of the nose from the lungs while the nostrils are closed 
by the hand. 

Persons following up tliis investigation should be aware that 
these sinuses exist in a very imperfect state in many species, 
being in fact merely rudimentul and incapable of affording the 
secretion which they arc destined to provide in others. The 
last traces of the organ may even be detected in goats, sheep, 
ajid perhaps all tlie nnninants. It is a beautiful example of 
that adherence to an original type or model which is so coiispi- 
CLioiis in animal organization, and as if in obedience to a laiv, 
tliat all the ruminants should be provided with a sinus beneath 
the eye for the secretion of a peculiar odoriferous matter, but 
tliat it should remain in an imperfect or unfinished state in those 
ivho do not re([uire such additional aid to distinguish sex or re- 
cognise species. 

The authorities quoted are Bujfon in the original Ito edition, 
tom. vi. and SuppL tom. iii. ; Pallas, Spkilegia Zoologicn ; 
JVliUes Natural History of Selharnc] the supplementary vo- 
lume of Griffith's Translation of Cuvier On the Ruminants^ by 
Major Charles Hamilton Smith j and Camper, (EtwreSy tom, i. 



tlii' K//'erls oj . Jcrifl Poisons. /?(/ Thomas IIoixirtn^ 3I,D, 

Tfij; British Assoriiition for the Promotion of Science having 
reciuestcci Dr. Roiipell and myself to prepare a description^ ac- 
companied with delineations, of the effects of acrid poisons, 
\vc hiiv^e both of us been desirous of complying with the wishes 
of t he Society, but circumstances have retarded the production 
of our Report. Our researches have for mutual convenience 
b('en conducted separately, but the results have been submitted 
to and approvc'd by each of us. Apart of the Report Jiow printed 
was presented to tiie Medical Section at tiie meeting in Edin- 
burgh; the remainder was communicated to tlie Session in 
Du])lin. 

The ol>jcct wliich the Association had more particularly in 
view in calling for this report was, I conceive, to facilitate the re- 
cognition of the effects of acrid poisons, with a view to aid in 
judicial iiupiiries of a very serious nature, and also to obtain a 
contribution to our knowdedgo of pathological anatomy, on a 
point whicli, though it has engaged the special attention of several 
able and acute observers, still demaiuis further elucidation, viz. 
the pathological appearances of the mucous membrane of the 
alimentary canal. As a preparation for an exact knowledge of 
the appearances which may bo produced in the mucous mem- 
brane of this canal by acrid poisons and other irritants, a cor- 
rect knowledge of this membrane in its liealthy state is essential ; 
but here, on the very threshold of our injury we are met with a 
serious difficulty common to it, and every attempt to clucklalc 
the morbid anatomy of the alimentary canal, the want of this accii- 
rateand dcliiiitekiiowledgcof the different parts of the canal and of 
the different appearances wliich may he presented by each part with - 
in the limits compatible with health. If any proof of this assertion 
M^cre wanting it might be found in the various statements made by 
anatomists respecting the colour of the mucous membrane in its 
healthy state. The youthful but able pathologist Billard, whose 
premature death has deprived our profession of one of its most pro- 
mising cultivators, devoted great pains to the elucidation of this 
subject, and has pointed out the differences which arise when 
digestion is actually going forward and when it is not. Other 
differences doubtless proceed from eireumstanees connected with 
the mode of death, even when it has inlluenecd the stomach 
nuM-cly indirectly. A wide range of appearances depends on this 
single cause. The blood may leave the vessels of the stomach, 
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and its lining niembraiic may l)e nearly or quite wliite ; or, on the 
other hand, they may he turgid by ntdavcriv congestion, and 
the lining membrane may be more intensely injected than in 
many cases of poisoning. Such differences though great are not 
more remarkable than those which are seen after death in the 
common integuments. It is however of the v.tmost importance 
that they should be well understood, sL^ce a mistake respecting 
them might seriously affect the reputation, if not the life, of a 
fellow-creature. The medical profession is greatly indebted to 
Dr. Ycllowly, who long since called the attention of his brethren 
to this subject. The colour of the mucous membrane of tlic 
stomach is also very liable to be modified by its contents, which 
act on the blood in its vessels by transudation after death. This 
and some other circumstances to be hereafter mentioned have 
probabl}' been tlie means of turning aside from the truth many 
able pathologists who have written on gaslro-intestinal irritation, 
and more especially on chronic inflammation of the mucous 
membrane of the stomach. Tl^e researches of Dr. Stevens re- 
specting the influence of different agents on the colour of the 
blood arc A^ ell deserving attention in connexion with this sub- 
ject, and appear to me to have thrown new light upon it. The 
colour of the stomach as well as many other parts may be greatly 
altered by exposure to the air after removal from the body. 

The form and texture of the mucous coat of the stomach, 
which are of equal importance whether we regard the eftects of 
disease or of poisons, appear to be involved in no less difficulty 
than the subject of the colour. 

As a preliminary step to the right understanding of these 
alterations of texture wc ought to be accpiaintcd with those dif- 
ferences wdiich depend in some degree on individual peculiarity, 
since the internal as well as the external teguments may admit 
of varieties of this kind. Still greater and more important dif- 
ferences arc doubtless to be referred to the kind of diet which 
has been habitually employed ; here however an almost insur- 
mountable difficulty .presents itself, since the diet employed in 
this and in most other civilized countries is of so various, and at 
the same time of so mixed a character as to render it almost 
impossible to connect cause and effect with any degree of cer- 
tainty. If the subject were not neglected, as appears to have 
been altogether the case, some clue might possibly be found in 
the observation and collection of extreme cases which from time 
to time present themselves, and some assistance might be derived 
in the way of analogy from experiments performed on inferior 
animals fed expressly for this purpose. 

Some of the differences of form and texture which come under 
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oiir observation in cadaveric inspections must be referred to 
alterations which the texture undergoes after death, and these 
may be of two kinds, cither occasiojied by its own molecular 
changes or by the action of the contents of the stomach, which 
not merely alter the colour of the fluids in the vessels, as 1 have 
before stated, but materially affect the form and texture of the 
membrane with which they are in contact. Extreme cases of 
this kind have long since been pointed out by John Hunter as 
eases of the digestion of the stomach by its own secretion. 
Short of this extreme effect there are many proceeding to a less 
considerable extent which must not be overlooked. The dif- 
ficulties which 1 have enumerated arc still further increased by 
an imperfect knowledge of the structure of the lining membrane 
of the stomach. Tlie surface of the mucous membrane of the 
stomach is generally described as villous, and even Billard ap- 
pears to agree in this description of it. I have at least a doubt 
respecting the accuracy of this statement. To me the surface of 
the stomach from which its secretion has been carefully removed 
and its place supplied by a|||||tle clear transparent water, appears 
to be indeed by no means perfectly smooth, yet not to be strictly 
villous like the internal surface of the small intestines. It has 
an indeterminate character which it is extremely difficult to de- 
scribe in words. In the serous membranes the assistance of a 
powerful microscope enables us to distinguish delicate fibres 
intimately interlaced j but wdien the mucous membrane of the 
stomacli is thus examined I can only observe an amorphous 
semitransparent mass in which no structural arrangement can be 
distinguished ; there is therefore little to be expected from this 
mode of examination. When the recent healthy membrane is 
immersed in clear water it becomes slightly thickened, but when 
gently pressed between the fingers it resumes its former thin- 
ness. This would seem to indicate that the water had penetrated 
a sort of areolar or spongy tissue, but had not intimately com- 
bined with it as with mucus itself or with some other aqueous 
secretion. Some idea of the texture of the mucous membrane 
of the stomach may be formed from the vessels which ramify 
through it, and which arc liable from various causes to become 
injected and consequently visible. When this injection is neither 
intense nor universal, the vessels may be traced with the assistance 
of a lens or even with the naked eye. They exhibit a character 
which may not inaptly be styled dendritic, since they 
closely resemble the marks in Mocha stone to which mineral- 
ogists have applied this epithet. These injected capillaries 
in the mucous membrane of the stomach are neither so minute 
and delicate, nor have they so well-defined, even and clean an 
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outline as tlic vessels wliieh \yc may see ramifying through 
parts having a more firm and definile texture, as, lor example, 
beneath the surface of tlie serous membranes or in the com - 
pletely formed and perfectly cellular membranous adhesions 
which inflammation is apt to superadd to llieui. In fact the ves- 
sels in the mucous membrane of the stomacli to which I am alluding 
bear a very close resemblance to the early attempts at organi/ation 
which we may jicrceivc in the recent false membranes upon the 
surface of inflamed serous membranes before they have lost the 
character of coagulable lymph. The cause of the appearance in 
question seems to he the same in both instances. The imper- 
fect vessels ramify through a soft and scarcely eoncrcte substance, 
by which they are barely supported. They coiiseciueuUy become 
more dilated than the minute branches from which they jirocecd. 

The mucous membrapc of the stomach, even where not thrown 
into ruga) of greater or less extent by the action of what is 
usually called the muscular coat but to which I would give the 
name of contractile fibrous coat, seeing it is not composed of 
strictly muscular tissue*, is not pcplU^ly even and level. When 
placed on a flat surface witli its free surface uppermost, we may 
generally perceive very slight undulations of small extent and 
little elevation, such as at times to re([uirc a particular direction 
of the light to make them visible. The elevated spots do not ap- 
pear to possess a very clctcrminate arrangement. Tlu'y arc gene- 
rally of an oblong figure and vary in size from that of linseed 
to that of rice. The intervening depressions are of less extent 
and often seem almost linear. I have been thus particular in at- 
tempting to describe the internal surface of the stomach, not 
merely because I shall have occasion to refer to tbe eflects of 
poison on particular parts, but from a belief that some very able 
and laborious pathologists have been led to form erroneous 
opinions respecting certain appearances of this surface. This I 
conceive to be particularly the case with respect to the small 
elevations of wliich I have last spoken. They are much more 
distinct in some stomachs than in others, and w'hcn strongly 
mark(id they appear to constitute that state which Louis desig- 
nates and wliich he regards as an advanced stage of 

inflammation. I had long been familiar with this appearance 
without knowing what precise value to assign to it, yet strongly 
doubting its necessarily inflammatory origin. I am now satisfied 
that it depends on the natural structure of this part of the organ ; 
and that according to circumstances, of which it is important to 

• Seo tlicAj)p(*iuIix to tl.c ti-isiriLition (jf Kdwavdy on the Iiil]iic*iice of riiyaical 
Agents on Litl*, ))v Dr. Hodgkin eiid Dr. Fisher. 
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1)0 aware, it nuiy ('itlier be very coiispieuouH or all but impercep- 
tible. This conclusion is drawn from the examination not of 
liumaii stximachs only, but from that of (liHerciit inferior animals, 
in which similar or closely analogous appearances are observable. 
They may be seen in the stomach of the dog, l)ut the most con- 
clusive evidence is perhaps to he drawn from that of the horse. 
The stomach of this animal, (as has been well stated by my 
friend Bracy Clark in one of the articles written by him for 
Rees's Cf/cloj^rcdia^) though single, may be compared to the more 
compound stomachs of the ruminating animals. A large por- 
tion, consisting of nearly the whole of the cardiac third, is 
covered with a smooth but thick cuticle, continuous with that 
which lines the cesopluigus. It is bounded by a thick, well- 
defined, elevated edge. The portion which succeeds to this and 
occupies the whole or greater part of the middle third, is void of 
cuticle, and dilTers very much according to the state of the ani- 
mal at the time of death, and according to the Icngtli of time 
which may have elapsed between the death of the animal and 
the inspection of its stonnach. It may be compared to the di- 
gesting stomach of the ruminants. The resemblance is the 
most manifest when the animal has been recently killed whilst 
tlic process of digestion was going forward. This part of the 
stoinach is then seen to be best supplied with blood. The ele- 
vations in the mucous membrane to which I have been alluding 
as slightly marked in the humairstomach, are here strongly 
marked and exhibit a manifest analogy with the honeycombed 
surface of the stomach of a ruminant animal, but on a small 
scale. A considerable (juantity of thick mucus is poured out 
upon this surface, and seems to be the secretion of the membrane 
itself. A special follicular apparatus, if it exists, is so indistinct 
as to escape the most careful searcli. When tlie animal, though 
recently killed, has not been digesting at the time of death, the 
elevations in this part of the mucous membrane, though more 
strongly marked than in the human subject, do not so clearly 
present the analogy before spoken of, but are very similar in 
form and character to those which are met with in man. If the 
animal have been long dead, and the stomach have become com- 
pletely collapsed and flaccid, the mucous membrane of the middle 
third of the stomach becomes so smooth that the irregularities 
in its suidace are almost imperceptible. The injection of this 
part of the stomach in the two states last mentioned is liable to 
considerable variety, which I conceive must, like similar dif- 
ferences observable in the human stomach, be attributed to acci- 
dental causes. Ih some luiman stomiichs examined a* a very 
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early period after death the irres^ularity is siieh as to justify tlie 
appellati(ui of UKUiiniillomT whieh Lo\iis lias applied to it, whilst 
ill the flaccid and long dead, and even in the recent stomach pro- 
vided the secretions of the organ have acted upon the lining 
membrane, every trace of it is nearly or quite obliterated. 1 have 
observed the former or strongly marked state in the stomacli of 
young persons in wlioni the idea of a chronic gastritis was inad- 
missible. At the same time I would observe that diftcrences in 
the visibility and permanence of this irregularity of the mucous 
membrane of the stomach are met with to a sufficient extentto 
induce me to believe that stomachs dilicr among themselves in 
this respect independently of their being recently dead or having 
been engaged in digestion at the time of death. When the irre- 
gularities in question arc strongly and permanently marked they 
may be regarded as the result of a real hypertrophy, since the 
membrane is not only firmer but thicker. This hypertrophy 
may often result from the use of certain kinds of food, but it 
seems also to be induced by other causes which occasion a de- 
termination of blood to the stomach. Thus, I have repeatedly 
met with it in stomachs which have been the seat of long-stand- 
ing ulceration, even in those parts whieh do not appear to have 
the least participated in that state. I have also seen it in seve- 
ral cases in which luemoptysis had repeatedly taken place ; and I 
observe in the last fasciculus published by my friend Dr. Cars- 
well, the representation of a^)artof the stomach of a person w ho 
had laboured under this affection which tends to confirm the re- 
mark which I have now" made. 

The last third or pyloric portion of the horse’s stomach, like 
the middle, presents a somewhat uneven surface, but the eleva- 
tions are much less both in height and extent. In fact it readily 
assumes almost an even surface, it is generally paler, and the mu- 
cus wdiich lubricates its surface is less adherent and tenacious. 1 
have sometimes seen indications of a very distinct follicular ap- 
paratus in this part. The human stomach, like that of the horse, 
generally becomes much less distinctly granular or uneven to- 
wards the pyloric extremity, and indications of a follicular ap- 
paratus may sometimes be seen, though I confess they are gene- 
rally very ecjuivocal. As I have taken some pains to discover 
how the human stomach is circumstanced with respect to folli- 
cular appendages, and as the subject is one on which I am per- 
suaded a diversity of opinion exists, I shall take the liberty of 
making a further digression in order to say a few words respect- 
ing it. By some the existence of follicles is denied, by others 
C'crtairi appearances are regarded as indications of follicles 



ON TIIK KFFKCTS OF ACRID POISONS. 


217 


which I conceive on^ht not to be regarded as really possessing 
this character. Of the former class are soiiic foreign patholo- 
gists. My friend Dr. Carswell appears to regard those eleva- 
tions which I have been describing, and which when in a state 
of hypertrophy give to the mucous membrane of the stomach 
the character which Louis has designated marnmillo^tde^ as the 
follicles of the stomach, and the red spots which he has accurately 
described as sometimes occupying their centres he regards as 
the orifices of these follicles. I am induced to take a dilferent 
view of these reddened centres. The mucous membrane of the 
stomach appears itself to be fully adeijuate to the production of 
mucus. Its follicles (if it possess any) are probably designed 
to bestow some peculiar properties on the juices of the stomach. 
We may therefore expect to find their situation occasionally 
pointed out by indications of a peculiar secretion at particular 
parts ; and it is the fact, that we actually meet witli such dif- 
ferences ill the stomach rather than the actual demonstration of a 
follicular structure, on which I ground the opinion, which I offer 
rather as matter of conjecture than of absolute conviction. 

The mucous membrane of the stomach sometimes presents 
small scattered spots, varying in size from about a twentieth 
to a tenth of an inch in diameter, from which the mucous 
UKunbrane appears to have been removed, leaving a clean de- 
fined but by no means an elevated edge. Such spots are some- 
times the commencement of ulceration, by which the stomach 
is actually perforated. They cannot, therefore, be regarded as 
the consequence of cadaveric solution. Spots are sometimes 
found scattered over the mucous membrane of the stomach 
scarcely exceeding in size those last mentioned, having a very 
slight depression, and rendered conspicuous chiefly by their 
colour, which is either dark brown or blackish. They arc 
evidently produced by ecchymosis, and the idea tliat they are 
connected with a follicular ajiparatus is supported by the occa- 
sional existence of similar spots in the small intestines, where 
1 have supposed them to be connected with the solitary glands. 
There is another appearance which I have met with in the 
stomach, and which though probably in degree cndavericy con- 
curs with the two preceding appearances to support the view 
which I Iiavc taken. I have found the mucous membrane of 
the stomach removed in numerous scattered spots having a cir- 
cular figure, and varying considerably both in diameter and 
depth. They resemble the appearance which 1 first noticed in 
not having elevated edges, vascular areola, or other indications 
i)f ordinary ulceration, but they differ from them in appearing 



f218 


FIFTH REPORT — 1835. 


to be nioH' (locldedly the ellVet of destructive Bolution. The 
edi>[cs were somewliat reduced iu thickness. In some instances 
the mucous membrane uas only reiuh'rcd thin, in others wholly 
removed, and in the most advanced, the submucous cellular 
membrane was more or less removed, and the subjacent coat 
exposed. The suiToimding cellular membrane, however, retained 
its healthy character, and allowed the free movement of the 
mucous membrane upon the subjacent coat, furnishint^ an addi- 
tional argument a«:ainst the inflammatory orij^in of the appear- 
ance which I have been describing. The exposed cellular mem- 
brane was generally of a pale almost milk-white colour, resem- 
bling that which is met with in the more extensive softenings 
of the stomach by the action of its owji secretion. 

1 concei^•e that the appearance which I have thus described 
must have been occasioned by the operation of the follicular 
secretion. It may have commenced before death, but the 
symptoms of tlu^ case did not seem to warrant this idea, unless 
it were almost during the agony. The only difliculty seems to 
consist in the solvent process being confined to such limit(‘d 
spots, but this may perhaps be accounted for by the dissrdviiig 
follicular secretion existing only in small cpiantity, though of 
intense (juality, and, perhaps, on the membrane in the neigh- 
bourliood of the follicles liaving imdergonc some change by 
which it was rendered more susceptible of the influence of their 
secretion. 

Since I have been engaged in the experiments whicli the re- 
quest of the British Assoeiatioii has rendered necessary, 1 
have met in the course of one of them with some appearances 
in the stomach of a dog which I regard as still further evidence 
in favour of the view which I have been laying before you. A 
dog was poisoned with oxalic acid in order to observe the pecu- 
liarities produced by this agent. In addition to other appear- 
ances which I shall have hereafter to notice, I observed mimer- 
ous minute opakc white spots, which I could imagine to he 
nothing else than follicles which had become preternaturally 
conspicuous amidst the surrounding altered mucous membrane'^ . 
When we consider the great variety of appearances wliich tlu' 
mucous membrane of the stomach may present independently 

♦ I have since on two or three occasions met witli the like appearance in llic 
luinian stomach, 'the distribution of the minute whitish spots rosombling tliat 
which was observed in the other appearances releiTvid to a follicular apparatus; 
and the evident dhTeioJice between these spots, and tlic f>rannlar or inainmillar 
elevations before alluded to, and wlncU were likewise sliaait^ly marked in uncot’ 
these cascs; atlbrd considerable (:onfirinati<m to the view winch 1 luivc othTcd 
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i>f the elTect of iiiiy poisonous ins^estii, and which arc often 
(jiiite as sirikini( as those appearances which are met Math wlien 
poisons have l)een known to be taken, we cannot hut he sen- 
sible how fully men are justifie»l when in eases of Iei];’al 

inquiry tliey hesitate to draw any positive conclusions from the 
state of the stomach itself, and lay the principal stress on the 
cliemical analysis of its contents, as well as of that of the matter 
which has been rejected by vomitini:^, and of the articles of 
which those sus 2 )ected of havini^ been 2 )oisoncd are kmnvn to 
have partaken. In this branch of impiiry great 2 )rogress has 
been made of late years, and to no one in this country are we 
more indebted for it, than to Ur. Christison. Although it must 
not be exp('cte(l tliat the report which the British x\ssociatioii 
has called for will throw that light on the morbid appearances 
produced by poisoning which will give to them a similar degree 
of certainty with that ])osscsscd by chemical analysis, yet 1 
Ix'lievc wc may reasonably entertain the hope, that the various 
and multiplied experiments in which I know that my colleague 
on this occasion has been laboriously engaged will do nnieh 
to\vards it. Some interesting conclusions appear to me to be 
pointed to, by liie few instances of jjoisoniiig which have lalleu 
under my own observation, as well as by the small number of 
experiments which I have as yet been able to make. Tliese I 
will now proceed to lay before the Association, together witli 
representations of the aj)pearances observed, the fidelity of 
which does great credit to the artists by whom they liave been 
produced. There are always 2>aiRful feelings accompanying ex- 
periments on inferior animals, yet I trust that in making lliem 
we may be fully justified on 2 )rinciplc, when the object in view 
promises to be an advantage to man, i^rovided wo arc careful to 
seek the end in view with the least expense of life and with 
the least 2 ^ossible amount of siiflering. I felt considerable dilS- 
culty in making choice of the animals to be the subject of these 
experiments, and have endeavoured as far as possible to take 
those lives which for other reasons it was either necessary or 
desirable to sacrifice. Another point to he kept in view in 
selecting the objects of cx23erimcnts is, that the animals may 
be such, that the conclusions to be drawn from them may with 
a good degree of analogy be a23plicd to man. Dogs ha\T, in 
general been selected for this j)urposc; and their si/e, their 
sufficient degree of tenacity of lifc^ and their patience under suf- 
fering warrant this choice. I have made some attempts with 
cats, supernumerary and worthless animals of this species being 
more easily olvtained than in th(‘ case of dogs ; but their extra- 
ordinarv Immitv of life and the nadoa ^s witli which thov 
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reject from the etomiich whatever offends it, induced me,' after 
haviiii^ unsuccessfully attempted to poison four of them with 
arsenic, to desist from making them the subject of experiment. 
It appeared desirable to employ an herbivorous as well as a car- 
nivorous animal, and for this purpose I selected the horse, as 
the most accessible animal of sufficient Ksize ; and though his 
stomach differs materially from that of man, I conceive that the 
choice has not been an useless one. 

Of the Modus Operandi of Poisons, 

This subject having been made the object of very careful in- 
ipiiry by my friends Dr. Addison and John Morgan, with the 
result of showing that the influence of poison depends rather on 
a power exerted through the medium of the nerves, or by sym- 
pathy, than on the contamination of the circulating fluids by 
absorption, I have not thought it necessary to direct my atten- 
tion to it in the experiments which I have made. There was 
one point, liowevcr, which iippeared to me to be worthy of 
attention in reference to the modus operandi when the stomach 
is the organ acted upon by poisons, viz., Are the effects pro- 
duced to be attributed to the mere injury of the organ, connected 
as it is with the rest of the system by the most astonishing 
sympathy; or is the principal stress to be laid on the specific 
action of the poison ? The fact that a number of persons have 
been killed by drinking boiling water, who have died exhibiting 
many of the symptoms of poisoning, shows that the lesion of the 
stomach w ithout specific influence is a very adecpiate cause of 
.speedy death : still I was desirous of ascertaining the degree and 
extent of the mischief induced by this cause compared with 
what takes place when a poison is employed ; I therefore had 
three ounces of water nearly at the boiling-jjoint thrown by 
means of a syringe into the stomach of a small and young dog. 
It was almost instantly returned nearly as clear as when re- 
ceived, and still at a high temperature. After having thus re- 
jected the water, the dog exhibited so little symptoms of uneasi- 
ness that I almost suspected that little or no mischief had been 
inflicted ; but in a short time he made efforts to vomit, find re- 
jected a clear fluid somewffiat frothy and mixed with a little 
coagulated secretion resembling lymph or slightly heated albu- 
men ; he continued to repeat similar efforts at various intervals, 
the matter rejected bearing the same character as before, but 
occasionally tinged with blood. He appeared at times to suffer 
inconvenience in his throat, but his sufferings did not seem to 
be very severe ; they appeared, however, to be on the increase 
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ratlier thiin on the decline, and about three hours after the water 
had beeji given, I found him weak, inclined to remain quiet, and 
with the upper part of the abdomen remarkably swollen, whilst 
the lower was as much contracted. The efforts to vomit were 
less frcipient. Though cheerful when noticed, he had become 
cool and languid. Judging that the lesion of the stomach had 
now arrived at its height, and that death was inevitable, I had 
the animal killed by a blow on the head. On examining the 
stomach and a3Sophagus they presented an appearance which 
has been well represented by C. J. Canton. The cesophagus 
was of bright red, but its cuticular lining was not detached ; its 
parictes \vi‘re very much thickened by intiltration with a colour- 
less fluid, constituting true inflammatory a'dema, and bearing 
considi'rable resemblance to a'dema of the glottis which is seen 
ill man, except with respect to the redness and injection, wliich 
in cedeiiia of the glottis in man arc often wanting. TJie stomach 
was more intensely reddened than the aisophagus. It w as dis- 
tended with a considerable quantity of transparent but ropy 
secretion, but its parictes were not much thickened. The red- 
ness was far more intense tow^ards the cardiac extremity, wdiere 
blood api wared to be extravasated as w'cU as injected, lo wards 
the pylorus the discolouration was comparatively trifling. 

The situation of the most intense effect produced by the irri- 
tation of hot w^ater tends to confirm some observations which 
I have had o(*easion to make in examining the stomachs of per- 
sons poisoned by sulphuric acid, and leads me to offer a few 
remarks on 

The Inferences to be drmvn from the Situation of the jirineipal 
Lesion of the Stomach in Poisoning. 

In the cases to which I have alluded, the principi'il action of 
the boiling water and sulphuric acid were observed in the greater 
curvature immediately opposite the orifice of the oesophagus, 
rather than precisely at the cardiac extremity, where, in other 
cases, the most intense injection is generally met wdth. The 
repeated occurrence of this fact induces me to suppose, that 
when an intensely active agent, like the two which I have men- 
tioned, has been swallowed or forced into the stomach, it is, as 
it were, discharged against that part of the internal surfixee of 
the stomach which is immediately opposite the opening, and 
that upon this spot an almost instantaneous effect is produced, 
which is deeper and more intense than that which is afterwards 
produced on other parts of the mucous membrane, when the 
agent is diffused over them, lowered in its activity by the mucus, 
which is rapidly secreted, and wdiich does not merely dilute the 
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iioxioUwS ai^onl, but in sonic decree protects the incnil)ra!U‘. 'riic 
fad that the spot \vhich 1 lu'ivc now pointed out is not preeiseh 
tliat at which the hii>;hest deii^ree of vascularity is i^enerally met 
with, may induce us to roii^ard the discovery of a morbid a]>- 
pearance at that spot as a ground of suspicion that some fluid 
capable of producing an immediate eftect has been received into 
the stomach. Even when tl)e noxious agents received into the 
stomach do not produce the immediate efleet whicii 1 luive 
iioliced ill the ease of boiling water and sulphuric acid, some 
inferences may be drawn from the situation of the morbid ap- 
pearances. If the poison liave been taken in the solid form, as, 
for example, when arsenic has been taken in substance, strongly 
marked efleels will be produced at those particular spots on 
which the poison has lain, whilst tlie intervening portions eillier 
escape^ or exhibit iinich less striking efleets. If, on the otlier 
hand, the poison he taken in solution, and he not siiflieiimtly 
intense at once to destroy the power of the stomach, its eflccts 
will be found most conspicuous in those parts which, under 
other circumstances, are the most frixpient seat of iiijeetioii, 
namely, the cardiac exiremily, or even the w liole (*ardiac half 
and the summits of the rug.'e. In fact, the inflammation of the 
stomach produced by an iriitating poison in a fluid form, and 
not acting immediately as an eschurotic, appears to resemble 
that wdiieh takes place in the mucous membrane of the alimen- 
tary canal wdion no poison has been taken. At least the prin- 
cipal ditterence appears to exist in the superior intensity of t he 
appearances which are occasionally observed in cases of poison- 
ing. It is perfectly consistent w'ith this remark, tliat wt not 
only find the rugie of tlie stomach reddened, especially at their 
summits, 1)ut also tlie edges of the valvular conniventes most 
intensely injected w hen the effect of the poison is continued into 
the small intestines. In the horses w'hich I have had poisoned 
the orifices of the biliary and pancreatic ducts, w hich arc marked 
by slight projection on the internal surface of the (hiodcnum, 
were similarly reddened. The wax model of the stomach of a 
horse poisoned by corrosive sublimate given in solution, exhibits 
in a w ell-marked degree tlie effects of a fluid acrid poison ; it is 
also wairthy of attention that it is not merely the summits of the 
larger elevations, such as the rugfc of the stomach and the pro- 
jecting orifices of the ducts, whicdi become conspicuous by their 
superior injection, the summits of those smaller elevations to 
which 1 have called particular attention in describing the cluirac- 
tcr of the internal surface of tlie stomach sometimes become 
similarly distinguished. 

There is one circumstance in connexion with the redness and 
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iiijcciiou of iho iniic’ous menibivmc ot Uic htoniach wliicli ap" 
poars to IOC to be Ma)rtiiy of attcotion, as artbrdinjjf in Home in- 
stances a grouiul of distinction bctwct'o the effects of decided 
inffaiuination and mere con«Tstion. As ffir as 1 am aware, it 
lias never birn parti(ailarly pointed out. When an intense and 
diffused inffammallon of the mucous membrane lias been excited, 
tlie meml)rane is liable to be not only reddened by injection 
and thicluaied by the afflux of fluids to it, but an interstitial 
(K'posit of iymj)h seems to take place, which produces the ap- 
[learances of small irregidar opake whitish spots in the sub- 
stance of the membrane itself. T do not know that 1 can better 
(U'seribe tlui appearance which I wish to point out than by a 
simple comparison. In thinnish gruel, prepared with oatmeal, 
\ve have' a translucent viscid fluid, through which small opake 
whitish j)articles arc dilTused. Let us suppose the translucent 
fluid to be coloured by lake, or some other suitable pigment 
which does not destroy translueence, and the appearance to 
which 1 allude may be readily conceived. Incases of simple 
congestio.n, such as are produced by affections of the heart or 
other causes disturbing the circulation, and in cases of great ir- 
ritation without the de])ositioii of lymph intcrstitially, wc may 
ha\e redness and injection to a great degree of intensity, but 
without the accompanying irregular opake spots in the sub- 
stance of the mucous membrane. 

The appearance which 1 have just described was very con- 
spicuous ill the stomach of a man who had poisoned himself 
witli hydrocyanic acid. Of the strength and cpiantity of the 
poison wliich he had taken I am unable to speak. It produced 
speedy, but not immediate, death. The inspection was not 
made by myself, but the stomach very shortly after its removal 
from the body was brought to Guy's Hospital, and the appear- 
ances which it prcseiitecl were carefully copied by the very ac- 
curate pencil of C. J. Canton. At the same time I must ob- 
serve that the appearance in (iiiestioii is so intimately connected 
with the structure of the membrane as to render a perfect de- 
lineation almost impossible. Similar, but rather less conspicu- 
ous, interstitial opake spots were observed in the stomach of 
an elderly person who had taken arsenic. This stomach m'us, 
like the former, not met with in one of my own inspections, but 
was brought to me some hours after its removal by an able 
anatomist, who had conducted the examination. This circum- 
stance, as well as that of the arsenic having been taken, as it 
was supposed, in fluid form, may account for the absence of 
some of the other appearances which arc often, and perhaps 
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generally, seen in eases of poisoning by the swallowing of 
arsenic. 

The character of the secretion upon the surface of the mu- 
cous membrane will sometimes throw considerable light on the 
condition of the membrane before death. In the case of the 
dog Avhicli liad received boiling water, we have seen that a large 
quantity of fluid was secreted, since the stomach was found 
distended with it, and a considerable quantity had also been 
rejected by repeated vomiting. Not only the quantity but tlie 
quality of the secretion was altered, for besides the clear and 
glairy fluid, there uas also some opake and partially coagu- 
lated matter, which appeared to consist of lymph. The fact 
that none of this was found in the stomach after death shows 
that it did not attach itself to the lining membrane in the form 
of a false membrane; — the abundance of the fluid secretion, 
combined with the continued and forcible action of the contrac- 
tile fibrous coat, having probably been the cause which pre- 
vented its doing so. In other instances, when the irritating 
cjiuse is very active and remains applied to particular spots, the 
secretion is rather lymph than mucus, and remains attached to 
tlie lining membrane, except under particular circumstances, 
which 1 shall have to notice in one of the cases 1 am about to 
relate. 

The presence of a small quantity of blood in the matter 
secreted is ccjually worthy of attention with the production of 
lymph instead of ordinary mucus. In whatever way the es- 
cape of this blood is brought about, it is an evidence of tlie 
violence of tlie injury whicli the mucous membrane has re- 
ceived. It w'ould appear, however, that it takes place in two 
modes, which deserve particular attention. In the one case the 
vessels seem to give way under the immediate influence of the 
violence which they receive, as well as from considerable and 
sudden injection. The hfemorrhage in this case resembles that 
which takes place from mechanical injury, or more closely that 
from the Schneiderian membrane which occasionally takes 
place under violent exertion. In the other case to which I 
allude, the escape of blood is the result of a more slow and 
gradual process. It appears to be brought about by the alter- 
ation of structure which takes place as the result of the inllani- 
niation which the irritating cause has created. The blood es- 
capes from numerous minute points at which the redness is most 
intense, the substance of the membrane having become soft and 
tender, though somewhat thickened. 

It is this softening of the texture, the result of inflammation, 
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cTiid wliicli prepares the way for the escape of blood at numerous 
points, which appears to me to be worthy of particular attention, 
since it seems ejuite analogous to that which takes place in acute- 
ly inflamed serous membranes when plastic lympli is thrown out 
and is about to liecome organized. In the case of tlie serous 
membranes, these numerous and minute extravasations of blood 
into the closely applied or adherent lymph appear to be the first 
stage by wliich tlie organization of the false membrane com- 
mences. 

I shall now proceed to relate some of the cases and experi- 
ments which have furnished the opportunities of producing the 
drawings and models which I have to submit to the inspection 
of the Medical Section. 

m 

12 — lOmo. — 1829. Guy's Hospital, — No. I. — Examination of the 
body of William Robert Squires, aet. 16, admitted into Luke’s Ward on 
the 1 1th, and who died about twenty-six hours after having swallowed 
arsenic by accident. It appears that on the morning of the 10th he 
picked up a piece of cheese which his master had charged with arsenic 
and placed as a poison for rats. Having shaken or blown it to get rid of 
the dust or flour which he thought was upon it, he swallowed it. He 
afterwards took his dinner and went to his work, but was seized with 
vomiting and tormina. The cause of his illness was not suspected until 
the following day, when the lad's master discovered that the poisoned 
cheese had been removed. He was brought to the hospital, and two 
5-grain doses of sulphate of zinc were given. They produced vomiting 
of bilious matter, mixed with a flake or two of a substance resembling a 
semitransparent membrane, spotted with blood. A blister was then 
applied, but he died almost immediately after. His pulse was very 
quick, but his symptoms, even a short time before death, did not appear 
very urgent. He had passed stools, and had complained of pain of 
head, but not of heat of the throat. 

The appearance of the body indicated an age less than that assigned 
to the lad. The body was in good condition, but mottled with rather 
light-coloured irregular livid spots. 

Head. — The head was not opened. 

Chest. — The viscera of the chest were healthy, but the lungs exhi- 
bited considerable cadaveric engorgement. The remains of the thymus 
gland were large. The heart was rather small and contracted, It con- 
tained some coagulated blood. 

Abdomen. — There was a generally diffused light rose-colour over the 
greater part of the exterior of the intestines, but it appeared rather to 
receive the tinge from congestion than from inflammation, not being at- 
tended with any eft’usion of lymph or other product of inflammation, and 
not particularly affecting parts in contact, but portions of the whole ca- 
libre at intervals, which generally occurred in depending portions, were 
of a deeper colour than the rest. The interior of the oesophagus was to 
all appearance healthy, or at most of a very faint rose-colour. The mu- 
1 ^ 35 . ' Q 
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COPS membrane of the stomach was corrugalecl, and exhibited extensive 
ileep and bright injection, not nearly so uniformly dilfused as is often 
the case, but most considerably alfeeting the rugie. The middle third 
was tlie most considerably alfectccl, but there was no marked dill’erence 
at that part which is ojjposed to the cardiac orifice. There was no decided 
abrasion, but at two or three small points the cfi’used lymph was adhe- 
rent. The pyloric extremity was the least reddened, but at this part 
the follicular glands were elevated and very distinct. The stomach 
contained a considerable (piantity of watery bilious fluid, and a ma.ss 
which appeared chiefly to consist of a coagulated secretion resembling 
the plastic lymph on the surface of an inflamed serous membrane. It 
was about the size of the palm of one's hand, and had very strongly re- 
ceived the impression of the rugie of the stomach, and the surface in 
contact with the lining membrane closely resembled it in colour and in 
the distribution of the extravasated blood intimiitely intermixed with it 
on this surface. The other surface resembled common coagulable lymph, 
but entangled in it there was a fragment of what appeared to be par- 
tially dissolved cheese, mixed with numerous particles of white opake 
matter. A .small quantity taken from this part, dried and mixed with 
black flux and heated, afforded a distinct trace of sublimed metallic ar- 
senic. Another portion, reduced on charcoal before the blowpipe, 
yielded the alliaceous odour. There was a diftused and light but not 
bright redness of the duodenum. A similar condition, but in a much 
less marked degree, was observable throughout the small intestines, in 
which the solitary glands were particularly distinct ; there w’as scarcely 
any fujcal mutter in the canal, but there was abundance of secretion, 
which in its character appeared intermediate between ordinary mucus 
and coagulable lymph. There was a slight degree of oedema of the sub- 
mucous cellular membrane. The large intestines were of a more natu- 
ral appearance. 'I'he mucous membrane was generally pale, but there 
was a manifest increase of redness about the v#rge of the anus. Many 
of the mesenteric glands were much enlarged. The structure of the 
liver appeared to be healthy, w'ith the exception of some scattered ecchy- 
mosed spots, obviously of recent formation, and a little dajipling of a 
lighter colour. The gall-bladder was distended with rather dilute bile. 
The spleen and pancreas were healthy, as were also the kidneys and 
bladder, excepting some increased vascularity of the mucous membrane 
of the bladder near the cervix at the posterior part. 

The fwints worthy of remark in this case appear to be : 1st, That 
though a considerable quantity of arsenic had been taken, the symptoms 
which followed were not ])roj)ortionably urgent and rapid. For this 
there appeared to have been at least two causes. The cheese in which 
the arsenic was involved having resisted digestion, seems to have pre- 
vented much of the arsenic from coming in contact with the stomach. 
The food w^hich vvus taken almost immediately after the swallowing of 
the poison may have also acted in a similar manner. It may also have 
])ad the eft'ect of exciting the healthy action of the stomach by setting 
up tlie digestive |)roce.s.s: this apju'ars to be analogous to what takes 
place in horses which luive eaten •tl>e leaves of the yew tree, which are 
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an active poison to horses and other cattle. They generally die in a 
few hours after taking this poisonj but it has been shown by my friend 
Jlracy Clark, that if food be taken in conjunction with, or immediately 
after, the yew leaves, the injurious effects do not follow, but the poison 
and the food appear to be digested together. The second point is the 
comj)lete illustration of the remarks which I have offered respecting the 
production of coagulable lymph, and of the escape of blood from minute 
points on the inflamed surface. 

cbdly. The detachment of this layer of lymph from the mucous sur- 
face, which was probably brought about by tlie efforts to vomit, renewed 
with increased energy by the emetics of sulphate of zinc. This is a 
practical point, bearing on the use of emetics and the mode of employ- 
ing them 

No. 2. This case occurred so recently as the 21st of last month, 
(August, 1831.) It is that of a middle-aged man who like the lad in 
the preceding case had taken arsenic. 

22 — Swo. — 1834. Guj/'s Hospital, — Examination of the body of 
A. B., aged about 35 years, a patient of B. B. Cooper’s in Accident 
\\’’ard, admitted on the 21st, a short time after he had taken about an 
ounce of arsenic. He was a man of dissolute and intemperate habits 
and took the arsenic whilst in a state of intoxication. Vomiting had 
taken ])lace in about half an hour alter he had svvallow'ed the poison. 
On medical assistance being obtained, the stomach-pump was freely 
employed ] he was afterwards removed to the hospital, where an emetic 
of sulphate of zinc was administered and acted pretty freely. The 
patient was then perfectly sensible, and endeavoured as far jis lay in 
Ids power to cooperate with the means employed for his recovery. I3e- 
sides the emetic a considerable quantity of chalk was given to him. 
He was atfeclcd with purging as well as vomiting, liis first stools 
were not seen, but those which he afterwards passed contained much 
jellylike mucus. He passed some urine, the character of which \vas 
not noticed. The abdomen was somewhat painful when pressed. 

He sunk in a state of collapse about midnight. 

The external appearances presented nothing remarkable. The body 
was in good condition as to flesh, and its surface generally pale. 

The head was not o])ened. 

The ])leura on the right side was almost universally adherent by a 
firm old adventitious cellular membrane. The left was perfectly free 
from adhesions ; there was little or no scrum in its cavity. The sub- 
stance of the lungs appeared generally crepitant and healthy, hue 
posteriorly there was a good deal of sanguineous engorgement, having 
very much the character of pulmonary ajioplcxy. In the anterior por- 
tion of the lung were one or two rounded portions having completely 
this character. The pericardium contained some straw-coloured serum. 
The heart was large, but neither remarkably gorged nor contracted j 
the right auricle was rather distended ; the blood in the right ventri- 


A drawing of the rejected portion of lymph illustrated this case. 
Q 2 



FIFTH REPORT — 1835 . 




cic was partially coagulated with some separation of fibrin. The peri- 
toneum was partially minutely injected, especially towards the cardiac 
extremity ot the stomach, and on some of the convolutions of the small 
intestines. The branches of the mesenteric veins were somewhat dis- 
tended. There vvas^ a small quantity of straw-coloured serum in the 
lower pelvis, with some tender diaphanous films of coagulable lymph 
which retained the serum in its meshes. (This lymph may have sepa- 
rated from the serum by coagulation after death.) The stomach was 
flaccid and slightly distended, containing air and dirty turbid chocolate- 
colour fluid in which were some gritty matter, and softer whitish pow- 
der, probably chalk. There wivs no concrete mucus or lymph adherent 
to the internal surface of the stomach. The mucous membrane was ge- 
nerally of an intense red colour, deepest about the middle low^ards the 
smaller curvature, a little less so at the cardia, and considerably less 
towards the pylorus and greater curvature. The redness was not alto- 
gether diffused, but for the most part assumed the character of a dendritic 
capillary injection. In some instances this redness was most intense 
where rug® appeared to have existed. Along the greater curvature and 
a little towards the pylorus the remains of the rug® were very evident and 
of a livid or chocolate colour, the substance of the mucous membrane being 
considerably thickened along their course. The .surface of the membrane 
generally was slightly granular j there was no appearance of abrasion 
produced either by the poison or thestomach-pumj). The mucous mem- 
brane did not appear particularly soft, but was perhaps a little thickened. 
In the injected parts between the distended dendritic capillaries 
there w’as a small appearance of white opacity, suggesting the idea that 
a little lymph had been separated in the substance of the membrane. 
This appearance was less distinct than in some other cases of a similar 
kind. The duodenum was mottled with red colour, but not by any 
means intensely injected. Throughout the small intestines there was a 
marked redness approaching to lilac and of a light colour in the course 
of the valvul® conniventes. The mucus which they contained was rather 
thick, grumous and turbid, but by no mean.s ropy. The aggregate and 
solitary glands were not particularly developed. The mucous membrane 
of the colon as far as it was examined was pale and covered with thick 
mucus. Towards the rectum, and in that intestine, the mucous mem- 
brane was a little injected in spots j this was most considerable towards 
the anus. The mucous membrane at this part resembled paste, and 
had very little odour. The mucous glands were developed. The liver 
was rather large, of a mottled yellow colour, with a granular a|)pearance, 
having a good deal of the character of liver met with after the abuse 
of mercury, the acini a.ssuming the form of small rounded bodies : in 
some spots there were contraction and induration of the intervening sub- 
stance, and one or two small semicartilaginous bodies imbedded in its sub- 
stance near the surface ; they were probably the effect of blows or some 
Ollier old local injury. The gall-bladder was distended with grecni.sh 
bile j no trace of bile had been observed in the alimentary canal. The 
pancreas was healthy, but perhaps mure coloured than is usual. The 
spleen was of moderate size and appar«i!tly healthy, 'fhe kidneys were 
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healthy, but rather injected. The bladder was contracted, and its mucous 
membrane a little injected, especially towards the cervix, where the 
veins were distended. 

The principal points of consideration which this case suggests are, 
1st, the greater rapidity with which death followed the taking the poison ; 
2nd, the differences in the appearances observed after death, consisting 
in the more general diffusion of redness and injection, and in the ab- 
sence of plastic lymph j 3rd, the diff'erent mode of treatment, consist- 
ing in the use of the stomach-pump and the liberal use of emetics, to 
which may be ascribed the removal of the coagulable lymph, had it been 
thrown out, and the application of arsenic in solution to almost every 
part of the stomach instead of partially in a solid form. 

The contents of the stomach and small intestine of this patient were 
very carefully examined by 11. H. Bretts, a pupil at Guy’s Hospital, who 
has devoted great attention to chemical research. I need not detail the 
process to which he had recourse. There was no difficulty in the dis- 
covery of arsenic in the stomach, from which some remains of the white 
oxide were taken. The presence of the arsenic in the intestine was 
made certain, but not without considerable difficulty, and its quantity ap- 
peared to be very minute. On this I would lay some stress, as in the 
experiments whicli I have next to relate, the one on a dog, the other on a 
horse, no arsenic could be discovered in the intestines though carefully 
sought by equally practised analysts. 

No. 3. The next example of poisoning by arsenic which I shall relate 
is that of a dog, and here I would observe that I met with considerable 
difficulty before I succeeded in having a dog killed with this poison j for 
although they do not at first refuse to take either liquid or solid food with 
which arsenic has been mixed, yet having taken it they readily reject it 
from the stomach, and then appear to grow suspicious and generally re- 
fuse further doses. I at length succeeded, with the assistance of T. Davis, 
by giving repeated doses, .so small as to be disguised, at the intervals of 
an hour each to a hungry dog. He retained some of the doses for an 
hour and half or more. He vomited after each. He survived the first 
dose more than twelve hours j but. as he died in the course of the night 
when he was not watched, it is impossible to state the exact time. In 
the stomach of this dog, which was examined the following morning, the 
mucous membrane was found deeply reddened towards the cardiac ex- 
tremity and in other parts, to some of which the arsenic in substance 
was attached, being intermixed with the secretion, which in some re- 
s])ects resembled coagulable lymph and assumed the form of a false mem- 
brane. When this layer was fresh raised from the surface of the mem- 
brane the inflamed and reddened texture was of a bright colour. When 
the secretion had been previously separated, the membrane, coloured by 
injection or extravasation, presented a deeper hue. The viscid as well as 
more solid exudation from the surface of the stomach was somewhat 
tinged with blood, some of the particles of which were examined by my 
friend J. J. Lister ; they had not wholly lost their form, but the regu- 
larity of their outline was considerably impaired. 

Though this blood had doubtless escaped from some portion of abraded 



KI FT II R K PORT — 1 . 

surface, 1 did not discover any spot in which abrasion liad taken place* 
Almost every part on the intestinal canal of this dog exhibited more or 
less injection of a bright colour. In the higher portions the redness oc- 
cupied nearly the whole surface, but lower down it strikingly marked 
the summits of the rugie. The mucous glands towards the termination 
of the rectum were considerably enlarged. 'J'iie contents of the intes- 
tinal canal were examined by G. O. Rees, but no trace of arsenic could 
be detected even in the small intestines*. 

No. 4. This illustration I take from the case of a horse whicli received 
2] ounces of arsenic rolled up in dry paper. In four hours the effect of 
the poison was strongly shown ; and in the evening, ten hours from the 
time at which it was given, the animal died. The stomach was examined 
the following morning. It wais distended with masticated hay, mixed 
with a moderate quantity of fluid. A considerable quantity of the 
arsenic in substance was found about the greater curvature rather more 
than one third from the pylorus, and consequently applied to the second 
and third portions of the mucous membrane. Traces of the arsenic 
were evident in many other parts of the stomach, although it was no- 
where collected in substance as at the spot just mentioned. The greater 
portion of the mucous surface of the middle third was covered with a 
tenacious layer of secretion intermediate betw^een lymph and mucus. It 
was nearly white when applied to the stomach, but the other surfirce was 
discoloured as well as roughened by the intermixed and adherent parti- 
cles of food. Tlie mucous membrane beneath this layer was deeply 
coloured with blood in those parts with which the arsenic appeared to 
have been in contact, whilst over a large surface in which this was not 
the case, the membrane, though not white, did not seem to be morbidly 
coloured. The summits of the rugae and other prominent portions of 
the mucous surface, both in the third portion of the stomach and in the 
pylorus, were especially reddened. This was the case with the orifices 
of the biliary and pancreatic ducts. That portion of the stomach which 
is covered with a strong cuticular lining did not appear to be at all af- 
fected. Most of the bots, of which there were several in this stomach, 
were still alive. There was some redness in the course of the alimentary 
canal, but it w^as neither intense nor otherwise remarkable. The con- 
tents of these intestines were very carefully examined, but no arsenic 
was discovered. 

No. 5. A second horse received a portion of arsenic in the same man- 
ner as the preceding, except that instead of being allowed to die he was 
killed in four hours, before he had betrayed any symptom of derange- 
ment from the dose which he had taken. The stomach was soon after 
examined. It contained about the same quantity of food as in the for- 
mer case, and the arsenic in substance was found collected in precisely 
the same part of the stomach. A considerable portion, however, had 
also passed the pylorus. The appearances observed in this case were 
similar to those observed in the preceding instance, but they were 
mach less intense. The same kind of tenacious layer covered the greater 


Wux models by Joseph Towno illustrated this and the following cases. 
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part of the miilille portion of the organ. Its free surface was dist oloured 
with intermixed and attached particles of food, but the thickness of this 
layer was much less than in the former case. The membrane beneath 
it was but slightly discoloured, except where immediately in contact 
with the arsenic. That portion of the poison which had passed into the 
duodenum was implicated in a mass of coagulated lymph pretty firmly 
adherent to the surface of the membrane j on raising it, tlie under sur- 
face presented numerous bright red bloody points, and a similar appear- 
ance was seen on the membrane from which it had been detached. 
Lower down in the intestinal canal 1 did not discover anything remark- 
able. 1 must not omit to observe that in the stomach of the horse, 
where no poison had been taken, the viscid adherent mucous secretion 
is liable to be diseolourecl on its free surface by adherent particles of 
food, but a little careful attention will distinguish this layer from the 
more membranous character of that produced when arsenic has been 
given. 

The Gth example which 1 shall bring forward is that of a horse poi- 
soned with corrosive sublimate, wdiieh w'as given in solution in gruel. 
The symptoms in this case were at least as urgent as in the first ease of 
])oisoning with arsenic. 1 have already remarked some of the peculiari- 
ties distinguishing this form of poisoning from that in which a solid irri- 
tation is applied to the mucous membrane. 

Tiie 7th case is of a very difierent character from the six pre- 
ceding, and appears to me to be worthy of particular attention. A 
pretty .strong solution of oxalic acid, containing, 1 believe, rather more 
than a dram of the crystallized acid, was injected into the stomach of a 
dog as in the case of the boiling water. The effect was immediate, and 
death took place in about a quarter of an hour, with symptoms which 1 
did not witness and cannot now relate. Death in this case was more 
speedy than I had anticipated, and I was consequently not prepared to 
e.xamine the body for rather more than twelve hours after it had taken 
place. At the opening of the abdomen I was struck with the dryness of 
the peritoneum and the general paleness of the contained viscera. This 
was particularly the case with the intestinal canal. The fat of the epi- 
ploon and other parts within the abdomen 'v'ls also remarkably firm and 
white. The cardiac extremity of the stonnun was flaccid and exhibited 
a dingy colour even on its perkoneal surface. Internally the mucous 
membrane appeared partially removed, as if by solution, at and near this 
part. This and some other parts which were coloured were of a brown 
or slate colour, the other parts of the stomach were pale and partially 
translucent. I have already noticed the vsmall opake white scattered 
points which I have been induced to regard as follicle.s. Towards the 
pylorus the mucus on the surface of the membrane w^as more abundant 
and opake; the intestinal canal was not only of a whitish colour, as 1 
have before stated, but the intestines were unusually firm as if filled 
with a pretty stiff' pultaccous substance. On opening it, the coat ap- 
peared greatly thickened, but on examination this appearance was found 
to be produced by a thick opake white secretion deposited on the mu- 
cous surface, and bearing some similarity to a very thick white fur on 
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the dorsum of a tongue. When this was removed the pale and almost 
unchanged villous membrane was distinctly visible. The membrane was 
perhaps a little softened. When the .secretion just mentioned was not of 
an opake whitish colour, it was of a dusky brown of no great intensity. 
This colour was distinctly situated on the edges of the valvuUe conni- 
ventes, and was in all probability produced by the action of the acid on 
the colouring matter of the blood with which the edges of the valvulae 
conniventes had been injected. 

Not only the peculiar appearance which I have just described extended 
to all or to the greater part of the intestinal canal, but strong acid pio- 
j)erties were manifested in it. This rapid diffusion of this noxious agent 
through so large a |)ortion of the alimentary canal forms a striking con- 
trast with tho.se cases in which arsenic was the poison employed, in which, 
as it has already been stated, either no trace of the poison, or such only 
as w’ere extremely faint, could be detected at more than a short distance 
beyond the pylorus, although the animal survived the administration ot 
the poison for some hours. It would seem that this extent of the diffu- 
sion of the noxious agent is commonly the case with acid poisons and 
may be regarded as characteristic*. 

The blood in the mesenteric veins was of a dark colour, confirming the 
observation.^ of Dr. A. T. Thompson and Dr. Perry of Lausanne. It 
also appeared to possess acid properties. In observing the effect of ox- 
alic acid on the stomach of the dog, as seen in this case, one can scarcely 
fail to be struck with the strong resemblance which it bears to the state 
of the human stomach as often seen in post mortem examinations, more 
especially with respect to the coloured and softened texture of the mu- 
cous membrane. The peculiarities in both of these respects have been 
strongly insisted upon as indicative of chronic inflammation. They un- 
questionably may be met with when this state has existed, but if 1 am 
not greatly mistaken they also occur when this has not been the case, 
and they may with much more probability be referred to the action of 
the juices of the stomach, which vary greatly in their properties, and 
doubtless act not only af*ter death, but even in some degree before life is 
quite extinct. 

No. 8. The last case which I have to bring forward is that of poisoning 
by spirits of wine. In investigating the action of poisons, it v/as next 
to impossible to lose sight of an agent, wv'hich not only involves many in 
inextricable misery, but hurries thousands to their graves. 

Rather more than an ounce of strong spirit was injected into the sto- 
mach of a dog, as in the case of the experiment with boiling w'ater. The 
effect was immediate. In a minute and a half he vomited mucus and a 
little blood; in three minutes he was wandering and falling in different 
directions; in five he fell down and voided a quantity of urine; the 
muscles of the abdomen and extremities were thrown into violent action ; 

• The mention of this fact to the Medical Section at the meeting in Edinburgh 
gave occasion to my friend Dr. William Thomson to show me a striking illus- 
tration of this principle in a representation of the eflect of poisoning by nitric 
acid preserved in the splendid and extensive collection of pathological drawings 
in the possession of his father Dr. J. Thomson, Professor of Pathology. 
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ill tliirly-eiglitniiniiles lie appeared to be dead, but lie afterwards vomited 
a thick slimy iuid smelling strongly of alcohol, and died in foi ty*lwo 
rainiites. Circumstances prevented the examination from taking place 
till the following day, when the stomach presented an appearance which 
is well represented by C. J. Canton. The mucous membrane of the 
stomach offered strongly marked and irregular rugse in the intervals be- 
tween which the mucous membrane bad a corrugated appearance. It was 
universally of a reddish brown colour, which, however, was not univer- 
sally intense. Since making this experiment I have learnt that strikingly 
similar effects were produced by the exhibition of strong spirit in an ex- 
jieriment performed by my friend and colleague Dr, Roupell, the result of 
which he hits shown in the second of his splendid fasciculi. The brighter 
colour produced in Dr.Roupell's experiment is probably a more genuine 
effect of alcohol than the browner colour which I obtained, and which 
may have been in part occasioned by some cadaveric change. There 
can be little doubt that the extreme effect of ardent spirit in these cases, 
in which it acted as one of the most prompt of the acrid poisons, is only 
an exaggeration of that diffused and pernicious irritation of the mucous 
membrane of the stomach which spirit-drinkers are constantly keeping 
up or renewing. 
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On Acrid Poisons, lit/ G. L. Iloui»Ki.L, M/D. 


A FURTiiKR Report on the subject of Poisons was submitted by 
Dr. Roupell to the Meetimr. The olyect of the author was to 
advance a step in showing the mode of operation of poisonous 
substances. The labours of Dr. Hodgkin and Dr. Roupell had 
hitherto been contined to the description and illustration of ap- 
pearances resulting from the direct application of poisons to the 
mucous membranes. Dr. Roupell next proceeded to ascertain 
the efteet which poisons produce when hitroduccd into the cir- 
culation, and he concluded his paper with some conjectures 
suggested by the facts presented to him as to the probable origin 
of certain forms of disease. 

The mode adopted in the experiments about to be detailed 
was to inject various agents into the veins ; some actively and 
intrinsically poisonous ; others poisonous only by their chemi- 
cal relation to the circulating fluids. The substances employed 
were arsenic, corrosive sublimate^ tartarized antimony, muriate 
of iron, acetate of lead, and kreosote. 

Two results wove common to the employment of all. First, a 
fatal termination from the administration of large doses of each; 
and secondly, a complete absence of all symptoms of derange- 
ment from the employment of smaller doses even of the most 
virulent. 

The paper was accompanied by several highly finished draw- 
ings ; the first of which exhibited the a^sophagus, the stomach, 
and part of the duodenum of a dog poisoned by the injection of 
arsenic into the veins. The oesophagus was natural in appear- 
ance. The stomach exhibited the hour-glass contraction and con- 
tained about an ounce of toughish mucus. The tips of some of 
the ruga', were reddened at the contracted part, but it differed lit- 
tle from health at cither extremity. The mucous membrane of 
the small intestines was acutely inflamed, presenting narrow 
bands about two lines in breadth of a bright red colour extend- 
ing transversely across the intestine, alternating with ecpial 
spaces of apparently sound membrane. This striped appearance 
w'as chiefly at the upper portion of the small intestines, the in- 
flammation becoming more diffused in extent and diminishing 
in d(‘grec as it was traced downwards, and finally terminated at 
the extremity of tliis portion of the intestinal canal. The details 
of this experiment were as follow. An ounce of a saturated 
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golution of arsenic, nuule l)y boiling distilled water with an ex- 
cess of arseiiioiis acid and allowing it to cool, was thrown by 
means of a small syringe, at two o’clock p.m., into the femoral 
vein. For 3 minutes tlicre was no obvious effect, but at the end 
ofthattiine vomiting commenced, and a quantity of half-digested 
food was thrown off the stomach. The respiration then became 
hurried and the animal appeared faint. In 10 minutes there 
was great intestinal movement, the abdomen being frequently 
and forcibly drawn in. After 25 minutes, vomiting was renew- 
ed, paralysis of the hind legs came on, and the animal died in (>5 
minutes. Examination was made on the next day. The limbs 
were rigid, the blood was fluid, the lungs were collapsed and 
had a rosy tint, but were not inflamed. The peritoneum was red- 
dish. The appearances of the stomach and small intestiiu's 
have been already described. The large intestines contained 
solid flecal matter and were quite free from morbid altt‘ration. 
There was no apparent change in the mucous membrane of Ihii 
tracluea or bronchi, none in the inner lining of the heart, veins, 
or arteries, none at least in their larger branches. 

The points of interest in this experiment are, first, the absence 
of inflammation in so many tissues with whi(di the poison must 
have come into contact ; secondly, its action on the mucous 
membrane alone ; thirdly, the predilection shown for the mucous 
membrane of the snuill intestines, and in this instance the limita- 
tion of its action to tliat part of the alimentary canal, where it was 
intense, the membrane lieing covered with a layer of tough mu- 
cus mixed with blood ; fourthly, a circumstance frequently ob- 
served in cases of poison, the rigidity of the limbs, the blood 
remaining fluid. 

A second drawing exhibited also the stomach and part of the 
duodenum of a dog poisoned with arsenic thrown into tJie veins. 
In this instance the mucous membrane botli of the stomach and 
intestines was intensely red, the redness extending throughout 
the whole track of the intestinal tube. This experiment was a 
modification of the last, the difference consisting in the greater 
strength of the animal and a diminution in the quantity of the 
poison. An ounce of a saturated solution of arsenious acid was 
indeed here also employed, but the solution was filtered ; a thin 
floating pellicle of arsenic was removed from its surface. The 
solution was thrown into the femoral vein at 12 minutes past 1. 
The animal vomited almost immediately after the operation. In 
12 minutes solid fecal matter was passed from the bowels fol- 
lowed by tenesmus ; in 35 minutes dysentery was induced, and 
the animal made attempts at vomiting. These symptoms con- 
tinued with more or less severity about 3 hours, when death took 
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pliice. Exaiiiiiuition was made 22 hours after; the lungs were 
red throughout and gorged iu patches. The stomach externally 
was very vascular. The whole of the mucous mcnd)rane from 
the cardiac orifice of the stomach to the extremity of the rectum 
was in the highest possible state of inflammation. The stomach 
contained about 4 ounces of a frothy mucus mixed with blood, 
and a small (jiiantity of a similar secretion wii^ found coating 
the intestines. The inner lining of the urinary organs was red- 
der than natural. The lining membrane of the heart, large 
arteries and veins was in its healthy condition. 

Ill this case a longer interval between the administration of 
the poison and death gave time for the establishment of inflam- 
mation in more situations, and allowed it to proci'cd to a greater 
extent in those parts which were irritated in the preceding expe- 
riment. 

A third drawing exhibited the large intestine of the same 
dog, showing the degree of inflammation in that portion of the 
alimentary canal. 

It may liere be observed that half an ounce of the saturated 
solution of arsonious acid produced in several instances no sym- 
ptom of ailment even when injected into the veins. 

Various expt?riments were made by Dr. Roupell with corro- 
sive sublimate in solution. Half an ounce of the licpior hydrar- 
gyri oxymuriatis P. L. which contains a quarter of a grain of 
corrosive sublimate, injected as before into the veins^ gai e rise to 
no apparent inconvenience. 

The injection of a whole ounce containing half a grain of sub- 
limate produced marked discomfort to the animal, followed by 
severe vomiting and dysentery. But although the symptoms of 
irritation in the abdomen were urgent, and the dejections proved 
tlie highly inflammatory state of the bowels, yet dcatli did not 
ensue from that quantity. 

Dr. lloupeirs next experiment was made with tartari/ed anti- 
mony, with the vinuin antimoiiii tartarizati of the London Phar- 
macopoeia. An ounce of this liquid was thrown into the sapha^na 
vein of an active terrier dog. The vinum antimonii tartarizati 
contains two grains of tartarized antimony, and rather more than 
a drachm of rectified spirit in the ounce. The immediate eflcct 
of this injection was to produce intoxication. The animal was 
able to move about ; but his legs failed him, he seemed giddy, 
and his gait was staggijring. No other effect was apparent for 
half an hour, and as the dog then seemed but little affected, 
it was left, under the supposition that the spirit had prevented 
the action of the tartar emetic. But when the animal was 
visited some hours afterwards it w^as found dead and stiff. 
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Jiulgtniif from the appearance of the place where it had been 
confined and from the state of tlie jaws it was evident that 
vomitiiii^ had taken place. Examination was made next 
day. There was no morbid appearance in the brain ; no mor- 
bid apjiearance indeed was detected anywliere except in the 
stomach, and that afforded a strikim^ contrast to the other parts 
of the intestinal canal. These were of their natural white colour, 
while the stomach was of a vivid red, showinii^ a high state of 
vascularity, great local determination, and intense inflannnatory 
congestion. As tlie inflamed part presented no distinguishing pe- 
culiarity, it was not considered worth while to employ an artist 
to copy it. The stomach was inflamed througliout, and the iiN 
flammation extended from the cardia to the pylorus, not uni- 
form however in degree, for the redness was greater at the larger 
end. This effect is so constant wlicn all parts of the stomach have 
been eipially exposed to the action of irritants as to induce tlie 
belief that there must be some difference in the vascularity of 
the two portions. The author liad originally supposed that this 
inequality in the action of irritants was probably owing to the 
greater rapidity with which all matters passed over this part of 
the digestive tube, but he was inclined to believe from tlu^ di- 
minished redness in this case that some other cause, and that 
probably a lower degree of vascularity, exists in this situation. 

Although it may lie j)resumed that the alcohol contaijied in 
the antimonial wine had delayed the effect of the tartari/ed anti- 
mony, yet it does not appear at all to have mitigated it, as it 
could hardly have been supposed a priori that death would lia\ c 
taken place in a dog from two grains of tartar emetic. 

Dr. Roupcll states that he made many other experiments 
which did not furnish results sufficiently precise to merit enume- 
ration, or to which tlie effect produced could be distinctly re- 
ferred to one cause. Thus when a solution of metallic salts 
have been injected into the veins, as the tinctura ferri- 
miiriatis, or the liquor plumbi acetatis, death has been quick- 
ly occasioned and the mucous membranes of the abdomen have 
presented a marked red appearance ; but he has been unable to 
satisfy himself how far such changes were due to the presence of 
the metallic oxide, or how far they were the simple consequence 
of the acid. Either of these substances would produce one ef- 
fect, the immeiUate coagulation of the blood, or would predispose 
to that condition. Not indeed that the mere coagulation of the 
blood in the veins will occasion any alteration whatever in the 
mucous membranes, none at least has been observed from the 
injection of the substance vvhicli has the greatest power in coagu- 
lating albumen, kreosotc,’' into the sapluena vein. No altera- 
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tion at all, no symptom whatever has followed the injection of 
half a drachm of kreosote mixed with water. When double that 
(juantity has been injected pure, death has immediately ensued, 
apparently occasioned by the obstruction to the pulmonary cir- 
culation, the Imi^s havini( been found black and t(or<^ed with 
blood, ^vhich seenued composed of minute granules mixed with a 
fluid of inky blackness. 

In the present state of animal chemistry, and in reasoning 
from so small a number of experiments, any explanation of the 
pluenomena here detailed must be held to be conjectural. But 
such is in fact one great object of the Meeting. It would ap- 
pear ill the first place that arsenic injected into the veins exerts 
an influence primarily on the small intestines, that there at 
least its effect as an irritant begins ; and as far as these experi- 
ments go it would seem that the upper part of the duodenum 
was the first to exhibit traces of its action. In the first expe- 
riment the large intestines were absolutely free from any organic 
change, and tlie stomach but slightly participated. When a longer 
period had elapsed, otlier portions of the gastro-intestinal inucons 
memliranc have become inflamed, and other and remote parts 
have been implicated. Such a series of effects is seen in cases of 
poisoning by arsenic. In these the epigastrium is first referred 
to as tliescat of dcTangcinentj then the whole alimentary canal ^ 
next the skin is the seat of an cftlorescence, or rash, the uri- 
nary organs often participating at the same time. After a 
longer or shorter interval a crop of pustules will appear ; later 
yet the nervous system is affected; paralysis comes on. 
Whether the hones would eventually become affected, as is the 
case with the cattle in the neighbourhood of manufactories 
where arsenical exhalations are generated, can only be inferred. 
Ill animals thus situated the joints become inflamed, anchyloses 
take place, and tlie bones enlarge and eventually become carious. 
The more minute series of vessels tlirough which the fluids may 
be required to pass previous to entering into these various struc- 
tures, as well as a diminished susceptibility in them, and the 
necessitycoiisequeiitly fora repetition of the stimuli, may perhaps 
oftcr some explanation of these progressive affections. That 
the vascularity excited by arsenic taken into the stomach will 
doubtless he allowed to result from some chemical effect. In- 
flammation would not be set up by the application of a merely 
inert powder to a mucous surface from simple contact. The 
cravings of hunger of certain Indians are appeased by devouring 
clay without exciting inflammation. Nor can the angular shape 
of the miiiule crystals be, as was formerly coujectured,the cause 
of the exeitcinent of inflammation, for we know that large <juan- 
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titles of pounded glass may be swallowed with impunity. That 
the inflammation produced by arsenic when circulated in the 
veins is also a chemical efl’cet will no more be dou])(;cd than the 
other, as the author conjectures ; for v\'e know that many sub- 
stances if soluble in the blood may be injected even in large 
quantities into the veins. Of this we have instances in the ex- 
periments of Orfila with the resin of jalap, and other substances. 
The operations then we may infer to be chemical, and inflamma- 
tion to be excited in the part peculiarly susceptible of the action 
of the poison either because the chemical changes may take 
place in the part, or because the part itself may by idiosyncracy 
be disposed to resent that particular stimulus. Whether or not 
the system be chiefly on its guard against the introduction of 
such substances as tend to increase the disposition of the blood 
to coagidate may be matter of future consideration. Certain it 
is that metallic oxides and alcohol appear especially to excite 
the inflammatory condition. E(|ually certain it is that the elimi- 
nation of the albuminous principles in the various forms of gela- 
tine, albumen, and flbrine must be the means of the growth of 
natural tissues and the cause of the formation of many new 
structures. Albumen, it is well known, is precipitated by metal- 
lic salts, decomposition taking place, and a compound result- 
ing, a combination of the oxide with the albumen. This com- 
pound, it is true, is again soluble in a liquid containing albumen 
in excess ; a provision by which the formation of solid masses, 
which we saw in the blood of the dog poisoned by kreosote, 
would be prevented, and the fatal result which might otherwise 
ensue be obviated. But whether these chemical changes do ac- 
tually occur, or whether any power of the system to prevent 
such an occurrence be called into play, an increased tendency 
to coagulation must be presumed to exist ; the circulating fluids 
must have become more stimulating ; and the disposition to 
a change of structure will have increased. Whether this may 
be the simple explanation of such albuminous deposits as are 
seen in the kidneys and inner coats of the arteries, especially 
in drunkards or in those addicted to spirit-drinking, is here 
advanced as appropriate matter for discussion. How far the 
agency of galvanism in the case of the oxides may operate 
in promoting coagulation may perhaps be more readily con- 
jectured than shown. But when the coagulation of albumen 
is under consideration, it becomes impossible to avoid calling 
to mind the extraordinary facility with which that consoli- 
dation is produced by the electric fluid. And it will be 
enough to observe, that in all chemical changes, both of union 
and decomposition, this agent is in operation. What the 
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changes are which take place it would certainly be important to 
ascertain^ that such is the fact, however an example or two may 
be cited to show. When mercury is extracted from the skin, de- 
posited from the urine, or found in the bones of those who have 
been under a mercurial course, it is met with in the pure metal- 
lic form, although exhibited in that of a chloride ; and iodine 
taken pure, and having passed through the system, is discovered 
in the form of iodide or hydriodate. 

Speculations, jt was observed, of this sort might be almost in- 
terminable. Bounds must therefore be set to such conjectures. 
Still the state of the blood in cases of poisoning is peculiar both 
in cases wiiere the nervous energy has been highly excited, or 
when on the contrary it has been suddenly and greatlyexhausted ; 
where inflammation has been set up locally, or w'herc a general 
inflammatory diatlicsis alone has been provoked. True it is 
indeed, and no less curious than true, that blood in the inflamma- 
tory state is less disposed to coagulate, or rather that coagula- 
tion takes place more slowdy in blood drawn during inflamma- 
tion than that taken from the vessels in its natural state. The 
author expressed the submission w^itli which he laid these re- 
marks before the Meeting, which, he observed, related only to 
those substances un(|uestionably taken into the circulation, and 
expressed his determination to dedicate his time and thoughts 
to the further elucidation of the ideas scattered through them, 
which he hoped to advance, and render more perfect before the 
next meeting of the Association. 
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jRejwrt on the Motions and Sounds of the Heart, By the 
Dublin Sub-committee of the Medical Section, 

The CoHiinittee having met together several times, and having 
considered dilTerent opinions hitherto ladvanced on the subject 
of the ^Motions and Sounds of the Heart/ proceeded to insti- 
tute a series of experiments. The subjects chosen for experi- 
ment were calves, in which animals the heart is sufficiently large 
to admit of the motions and sounds being accurately observed ; 
and their early age is favourable to a prolongation of the experi- 
ment, as it has been ascertained that the vitality of the different 
organs is more enduring, and less influenced ])y injuries to tlie 
individual, in animals at a very early age than in those of ma- 
turer growth. 

The animals were prepared for experiment in the following 
manner : a tul)e, connected with a pair of bellows, wais intro- 
d\ice(l into tlu* trachea, and secured there, and the sensibility of 
the creature having been destroyed by a blow on the head, arti- 
ficial respiration W'as established, by means of wdiich the heart 
was enabled to continue its pulsations for a period varying in 
different subjects from one hour to two. The Committee had 
been unable to procure some of the Woorara poison, which has 
been used in similar experiments in London ; ami they found 
that the employment of prussic acid, in a (piantity sufficient to 
suspend the sensibility of the animal, destroyed, in a few mi- 
nutes, the power of motion in the heart. 

§ 1. Experiments on the 3Iotions of the Heart, 

Exi». 1. A calf, two days old, having been secured on its back, 
and prepared as above described, the sternum, and a portion of 
the ribs on both sides were removed, when the heart \vas seen 
beating strongly, at the rate of 80 beats in the minute. Whiif* 
still inclosed in the pericardium, the heart w as observed to have 
a slight libratory motion on its longitudinal axis, which motion, 
it may here be remarked, may assist in explaining the phamo- 
menon of \frottement^^ observed in disease. On cutling open 
the pericardium and t\irning it aside, both the auricular appen- 
dices were seen to project wdth a rapid motion upw^ards, oi to- 
wards the place of the sternum, and immediately afteiwvards to 
recede. When coming upwTirds, they were swollen and soft to 

u 2 
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the toiicli ; when recediiii^, they bcciiine hard to the touch, were 
diiiiiiiislicd in size, and flattened. Immediately after the reces- 
sion of the auricular appendices, the ventricles with a rapitl 
motion assumed a somewhat i^lobular form in their middle part, 
which projected upwards, and their ai)cx at the same time u as 
considerably elevated. During their contimiancc in this state 
the ventricles were hard to the toucli, and if grasped with the 
hand at the commencement of the movement, they communi- 
cated a shock, or impulse, and separated the fingers. When 
the vei.tricles had remained for a short time in the state just 
described, they suddenly sank downwards, or towards the spine, 
and became elongated, broad and flat, and soft to the toii(*li. 

This succession of motions having been observed for some 
time, a small glass tube was introduced through a])micturc into 
the left auricular appendix, and the blood was seen to rise in 
the tube during the recession of the appendix, and to subside 
during its upward movement. A similar tube was introduced 
through a puncture into the right ventricle, and a jet of dark- 
coloured blood was throw'u forth during the globular and har- 
dened state of the ventricles, and subsided when they became 
flat and soft. A puncture w^as made in the pulmonary artery, 
close to the right ventricle, and through it a stream of blood 
issued, synchronously with the jet from the ventricle. A tube 
having been introduced, through a puncture, into the left ven- 
tricle, and one of the mesenteric arteries having been exposed 
and opened, the jet from the ventricle w^as observed to precede 
the jet from the artery by an interval easily appreciable. The 
femoral artery was opened, and a similar observation wtis made 
as to the interval between the jet from the left ventricle and the 
jet from that artery. Previously to opening the chest of the 
animal the Committee liad satisfied themselves that the beat of 
the heart, felt through the sternum or cartilages of the ribs, pre- 
ceded the pulse, felt in arteries at dilYerent distances from the 
heart, by intervals of time which seemed proportioned to those 
distances ; and they were also satisfied that the jets of blood from 
the femoral and mesenteric arteries were synchronous with the 
pulses felt in those arteries. 

Exp. 2. A calf having been placed on its right side, a portion 
of the ribs on the left side was removed, the sternum, and a 
part of the cartilages on that side being left in their natural po- 
sition, and the pericardium was opened. It was now seen that, 
wdien the ventricles assumed their hardened state, their apex 
and a considerable portion of their anterior surface wxtc closely 
applied to the sternum ; and when the hand was interposed be- 
tvvecn the latter and tlie surface of the ventricles, a strong.coni- 
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pression wiis exercised on the fingers during each movement of 
the ventricles towards the front of the chest. [By the term 
‘anterior surface’ ot the ventricles, is meant the surface corre- 
sponding to the one called ‘anterior’ in the human heart.] 
When tlie vcmtriclcs were in their softened state their anterior 
surface was sometimes in contact with the sternum, and some- 
times a little removed from it; and, from the contemplation of 
this and the preceding experiment, the Committee were satis- 
fied that the situation of the heart in the thorax is affected by 
the position of the body ; which observation has been made 
also by others. For instance, in the rcciunbent state on the 
back, the lu'art recedes somewhat from the sternum : if the in- 
dividual lie upon the face, the anterior surface of the ventricles 
is in constant apposition with the front of the chest, the pericar- 
dium, of course, being interposed. The yielding texture of the 
lungs, and the inode of attachment of tlie pericardium and 
great vessels, are such as to allow the gravitation of the heart 
to influence its position in different postures of the body. 

41iesc experiments were repeated on diflerent animals, and 
tlie observations recorded above ’were confirmed. 

E\p. .1. A rabbit was stunned, and its heart was immediately 
taken out of the body, and placed on the hand, with the anterior 
surface of the ventricles ujiwards. The ventricles continued to 
beat for some time, and assumed alternately the forms which 
have been described in the first experiment. During the con- 
tinuance of the globular form, the body of the ventricles was 
protruded upwards, and their apex was elevated considerably 
from the hand ; and while in this state it was ascertained, by 
measurement with a jiair of compasses, that the length and the 
breadth of the ventricles were diminished. On the collapse, or 
softened state of the ventricles taking place, they became longer 
and flatter, and their apex sank towards the liand. The heart 
was now placed with the posterior surface of the ventricles up- 
wards, and a globular swelling in their middle part was observed 
to alternate with a flattened form, in this aspect also ; but the 
apex was not elevated as in the preceding part of the experi- 
ment. 

Exp. 4. The sternum of a frog having been removed, the 
following appearances were observed. The ventricle, having 
become swollen, soft, and rcd-colourcd, gradually sank and di- 
minished in size, and became pale, and hard to the touch ; alter- 
nating in these appearances with similar appearances in the 
auricle. It was manifest from the colour of both ventricle and 
auricle in their swollen state, that they were then full of blood, 
and from their softness, that they were in their diastole. When 
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tliey became ]>ale and diminished in size they were in their sy- 
stole. During the diastole of the ventricle its anb'rior surface 
was prominent, and approached the stennim, while its apex 
drooped towards the spine. In its systole, tlie anterior surface 
receded from tlie sternum, and its ajiex was slii^htly turned 
upwards. The finger being applied to the ventricle during its 
systole, a slight shock or impulse was felt. 

In this experiment, the relations between the sternum and 
ventricle, during the diastole and systole of the latter, are nearly 
the reverse of tliose observed in the heart of (|uadriipeds in tlie 
preceding experiments. In them the ventricles approach the 
sternum during the hardened state, or systole, and recede from 
it in the softened state, or diastole. This difterence de])eiids 
upon the dissimilarity of the heart in the warm-blooded and in 
the cold-blooded animals, and will be adverted to again. 

§ 2. Exjicnments on the Sounds of the Heart. 

Exp. 5. A stethoscope was applied on the sternum over the 
heart, in a calf in which artificial respiration had l)eon esta- 
blished, and both sounds of the heart were distinctly hcjird : 
the first prolonged and dull, the second abrupt and clear. The 
sternum and ribs were removed, so that the heart moved free 
from contact with any part of the thorax ; and a flexible ear- 
tube having been placed on the pericardium, over the ven- 
tricles, both sounds were distinctly heard. [In the experiments 
on the sounds of the heart, with the sternum removed, the 
flexible ear-tube was found to be of much service, in preventing 
the transmission of the shock or impulse which was felt when 
the common stethoscope Avas used, and which embarrassed the 
observations.] Tlie ear w'as now applied near to but not touching 
the heart, and botli sounds w’cre distinguishable, but feeble. A 
small piece of board was placed over the surface of the v entricles, 
and kept in contact with the pericardium, and by a stethoscope 
applied upon the board, both sounds were heard as distinctly, 
and very nearly as strongly, as when heard through the sternum. 
The ear-tube w'as placed on the ventricles, near their apex, and 
in this position the first sound was very distinctly heard ; the 
second sound indistinctly. When the ear-tube w^as placed over 
the origins of the large arteries, both sounds were heard distinctly, 
the second particularly so. The pericardium was distended 
with tepid water, and in that state both sounds were heard by 
the ear-tube applied to its surface, but not so clearly as before 
the injection of water. 

Exp. (), In a calf, the sternum and ribs having been removed 
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as in the last experiment, and the pericardium having been cut 
away, both sounds were heard, by the car-tube applied to dif- 
ferent parts of the ventricles, in the same manner as in the last 
experiment. The great arteries were compressed close to the 
heart ; and the character of the second sound was altered ; and 
at times it seemed to some of the Committee that the second 
sound was lost, the first sound remaining. A fine curved 
needle was passed into the aorta, and another into the pulmo- 
nary artery, beneath the line of attachment of one of the semi- 
lunar valves in each vessel ; and the needles were passed up- 
wards, about half an inch, and out again through the respective 
vessels, so as to confine a valve in each, between the needle and 
the side of the artery. Upon applying the ear-tube over the 
origins of the arteries, it was found that the second sound had 
ceased, and that a sound resembling the first, and coinciding 
with the systole of the ventricles, was still audible. Some of 
the members of the Committee thought that the sound just men- 
tioned was prolonged beyond the usual duration of the ^ first,* 
or ^ dull’ sound, which had been heard before the introduction 
of the needles ; and, towards the termination of the experiment, 
it was observed by some of those present, that there seemed to 
be a repetition of the sound called ^ first*, or to be two pro- 
longed sounds, similar to each other, and which might be cha- 
racterized as ‘rushing* sounds. When the heart was removed 
from the body, and the semilunar valves examined, it was found 
that one valve in each artery had been confined against the side 
of the vessel, so as completely to prevent its descent. [It may 
be remarked that this operation can be very easily performed, 
and almost with certainty of success.] 

Exp. 7* The foregoing experiment was repeated on another 
calf, and with the same result, — the cessation of the second 
sound. During the experiment the second sound, somewhat 
modified, was heard to recur; and, upon examination, it was 
found that the needle which had been passed into the aorta 
had slipped out. On its being replaced, the second sound 
again ceased. On taking out this heart also, the valves were 
found to have been confined, as in the last experiment. 

Exp. 8. A calf having been stunned, the heart was taken out 
quickly, and placed on the table. The ear-tube was applied to 
the surface of the ventricles while still beating, and at each 
systole a sound was heard resembling that called the ‘first* 
sound: no second sound was audible. When the heart had 
ceased to beat, the ventricles were filled with water, and the 
heart being held upright, the car-tube applied to the ventricles ; 
and these suddenly compressed with the hand, a sound resem- 
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1)1*111^ tlioMirst’ soiiiul was heard. Also when the grasp of the 
liaiul was suddenly relaxed, a sound was heard of the same cha- 
racter as the one preceding. The ear-tube having been applied 
to the ventricles in the dead and empty heart, and their internal 
surfaces being rubbed against each otlier, a sound was heard 
much resembling the Mirst' sound : and the finger having been 
introduced into the left ventricle, and being gently rubbed 
against the internal surface, a sound, also resembling the ‘first* 
sound, was produced. 

A glass tube allowed to drop from a small height on the se- 
milunar valves of the aorta, caused a sound having the character 
of the second sound ; aiul when the tube was ]>assed between 
the valves, and gently rubbed against their edges, a sound re- 
sembling the ^ bruit dc rape was heard. 

The foregoing experiments were frequently repeated, and the 
observations were confirmed. 

§ 3. Condmions respecting the Motmts of the Heart. 

From the preceding experiments on tiie motions of the heart 
the following conclusions may be drawn. 1. In the heart of 
warm-blooded animals the systole of the ventricles follows, im- 
mediately, the systole of the auricular appendices. 2. During 
the systole of the ventricles the auricles are distended by blood 
pjissing from the venous trunks. 3. The ventricles, when 
their systole has ended, become relaxed and flaccid, and the 
blood passes rapidly, but with little force, from the auricles 
intotheir cavities. 4. The auricles are never emptied of blood, 
and contract but little on their contents; an activ’e con- 
traction being observable only in their appendices. 5. If the 
interval between two successive beats of the heart be regarded 
as divided into four equal parts, two of those parts may be 
allotted to the duration of the ventricular systole, rather less 
than one part to the interval between the end of the ventricular 
systole and the commencement of the diastole of the appendices, 
during which interval little motion is observable in the auricles, 
and the remaining portion may be allotted to the diastole and 
systole of the auricular appendices. 0. The ventricles, in their 
systole, apj)roach the front of the thorax, and by their contact 
and pressure against it produce the impulse, or ‘beat’ of the 
heart. 7* The beat of the heart and pulse in the arteries are 
synchronous only when the pulse is felt in arteries close to the 
heart : in those at a distance the pulses are later than the beat 
of the heart by intervals of time proportioned to the distances. 

In the heart of the frog, which was examined in the fourth 
pxj)criment, the ventricle swelled and approached the sternum 
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in the diastole, and recoded from it in the systole. Tliis differ- 
ence between the movements of the heart in that animal and in 
tlie others which were submitted to exjierinient, may be ex- 
plained by considerini^ that in the heart of the latter the swell- 
ing of ventricles during systole is produced by the thickening 
of their muscular fibres, which are then in a state of contraction, 
and of which the mass bears a large proportion to the size of 
the internal cavities : while, in the heart of the frog, the sides 
of the ventricle are thin, and its cavity is large ; and the thick- 
ening of its sides produced by the contraction of their fibres, 
does not counterbalance the diminution of the volume of the 
ventricle attendant on the expulsion of its blood. 

§ 4 . CUmclus^ms respecting the Sounds of the Heart, 

From the experiments on the sounds of the heart it appears 
to follow : 1. That tlie sounds are not produced by contact of 
the ventricles with the sternum or ribs, but are caused by mo- 
tions within the heart and its vessels* 2. That the sternum and 
front of the thorax, by their contact with the ventricles, in- 
crease the audibleness of the sounds. 3 . That the first sound 
is connected with the ventricular systole, and coincides with it 
in duration. 4 . That it is not produced by the friction of the 
internal surfaces of the ventricles against each other, as such 
friction cannot exist until the blood has been expelled from the 
ventricles, whereas the first sound commences with the beginning 
of the ventricular systole. 5 . That the cause of the first sound 
is one which begins and ends with the ventricular systole, and is 
in constant operation during the continuance of that systole. 
(). 44iat the first sound docs not depend upon the closing of the 
auriculo-ventricular valves at the commaicement of the ventri- 
cular systole, as that movement of the valves is of an instanta- 
neous character, and is much shorter in duration than the sy- 
stole. 7- That it is produced by the rapid passage of the blood 
over the irregular internal surfaces of the ventricles, on its way 
to the mouths of the great vessels. 8. That the ^ bruit mus- 
culaire' may contribute to the production of the first sound. 
1). That the second sound coincides with the termination of the 
ventricular systole, and requires for its production the integrity 
of the semilunar valves of the aorta and pulmonary artery; 
That it is caused by the sudden check given by the action of 
(hose valves to the motion of the columns of blood driven to- 
wards the heart after each ventricular systole, by the elasticity 
of the arterial trunks. 

The Committee wish to express their opinion, that although 
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much light lias been thrown on the motions anti souiuls of the 
heart by recent investigations, here and elsewhere, the nature 
of the intjuiry is such as to render it difficult in many instances 
to arrive at satisfactory conclusions. They also think that the 
subject is one which, from its importance, whether in a practical 
view, or as an object of philosophical inquiry, is deserving of 
further investigation. 

Signedf 

Robert Adams, A.M., Lecturer on Anatomy and Sur- 
gery, Surgeon to Jervis-street Hospital, &c. 

Robert Law, A.M., M.D., Pliysician in Ordinary 
to SirT. Dunn’s Hospital. 

George Greene, A.B., M.D., Fellof of the College of 
Physicians, Lecturer on the Practice of Medicine, 
and one of the Medical Inspectors of the House 
of Industry. 

Ephraim M'Dowell, M.D., M.R.I.A., Censor of the 
Royal College of Surgeons, one of the Surgeons 
to the House of Industry. 

Bruce Joy, M.l)., Fellow of the College of Physicians. 

John Nolan, M.D., Demonstrator of Anatomy in the 
University of Dublin. 

Eror}' Kennedy, M.D., Master of the Lying-in 
Hospital. 

H. Carlilc, A.B., Demonstrator of Anatomy in the 
University of Dublin. 
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Report 0)1 the Registratum of Deaths, Ihj the Edinburgh 
Sub-committee. 

Dr. Alison reported from the Edmbur^h Sub-committee ap- 
pointed in 18dt to consider the subject of rcgistrallo)i of 
deaths^ with a view to a lei^islativc measure as to rej^istration, 
(see Proceedings of tlie Edinburgh Meeting, p. .^9,) that they 
Jiad drawn up a paper of suggestions on this subject, which 
they had proposed to the London Sub- committee as proper 
to be submitted to the consideration of those Members of Par- 
liament who might interest themselves particularly in the Re- 
gistration Bills for England and Scotland about to be intro- 
duced ; — that the London Committee had expressed some 
doubt as to the application of these suggestions to the case of 
tlie English Bill, but after some explanations had acrpiicsced in 
the propriety of their being transmitted si)nptirifer to the gen- 
tleman who had given notice of his intention to bring into Par- 
liament the Registratioji Bill for Scotland. 

The Section of Anatomy and Medicine having heard their 
paper read, directed that it should be communicated to the Sta- 
tistical Section, with a request that they would give their atten- 
tion to the subject ; and if they concurred in the opinion of its 
importance, that they would take such steps as they might think 
expedient to bring those suggestions (with such modifications 
as they might judge proper,) under the view of those Members 
of Parliament who might be likely to take a share in the prepii- 
ration of legislative measures on this subject. 

Sifggcsliotis by the Edlnbiogh Sab-co)}i))iittee. 

There arc many questions regarding the external causes of 
diseases, and the means of preventing tliem, susceptihlc of more 
direct application to the good of the public, than most discus- 
sions on their nature, on wdiich it is hardly possible for indivi- 
duals, within the sphere of their own experience, to acquire 
satisfactory information ; and wdiich have on that account been 
hitherto very imperfectly investigated. Every individual case 
of disease, or of death from disease, is probably determined by 
several external causes, the respective influence of wdiich is very 
easily misapprehended ; and it is only by multiplying very 
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greatly the numbers of observations, that such sources of fallacy, 
attending any single cases, can be avoided ; and general laws, 
touching the influence of such causes, be satisfactorily deduced. 

TJius it is in general only by observing that a particular dis- 
ease aflects a much greater number of those persons who are 
known to have been exposeil to the agency of a particular ex- 
ternal circumstance, than of those who are not known to have 
been exposed, that we learn that such circumstance has power to 
cause that disease. It is very seldom, particularly in civil life, 
that M'c can have observations, as to the influence of such a 
cause, of tlu* nature of the experinietituni rracis ; /, e, when 

all other circumstances in the condition of the persons observed 
are exactly alike, excepting only the presence of that cause in 
one set of cases, and its absence in another. But it may always 
be presumed that out of a very great utauhcr of eases in which 
one condition has been uniformly present, all other conditions 
must have been applied very variously ; and therefore, by very 
greatly multiplying the number of observations, where one 
alleged cause has been applied, we may ultimately get rid of 
the source of fallacy, resulting from the varying conditions of 
each single observation, and from a fair estimate of the eilicacy 
of the particular cause in ([uestion. 

Thus also the experience of an individual, even if carefully 
preserved, goes but little way in ascertaining the effects of sea- 
sons, of localities, of occupations, or modes of life on the mor- 
tality of any given disease, because in every individual case 
which has ‘been under his observation, the influence of any one 
of these causes must always have been combined with that of 
others, which may have determined the result 5 but if the expe- 
rience of a very great iiumher of individuals on the mortality 
from that disease, under the influence of one of these causes, is 
exhibited at once, it may fairly be presumed that all acciden- 
tally concurrent causes must have acted so variously on so great 
a multitude, that the irregularities thence arising must have de- 
stroyed one another, and that the influence of pcrmaiSnt and 
general laws only will be perceptible in the result. Many at- 
tempts have accordingly been made by medical men to ac([uirc 
more certain information, as to the comparative efficacy of dif- 
ferent causes of disease and mortality, than the experience of 
individuals can supply, by reference to registers of deaths, kept 
in different situations, and extending to large numbers of per- 
sons and to long periods of time. But these attempts have 
been in a great measure frustrated, or at least their results ren- 
dered much less certain and important than they would other- 
wise have been in this country, by the imperfect and irregular 
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manner in wliicli such registers are kept; and it would therefore 
be matter of very serious regret for the interests of humanity, 
as well as of medical science, if any legislative measure in regard 
to registration shoidd .become a law, without care being taken 
to secure that the registers of mortality shall be kvpt on a uni- 
form plan in u/l parts of the Kin^*s dominions^ and in such a 
manner as to afford all the information relative to the causes of 
mortalitj/ which can rcasofiahly he expected from such records. 
Some of the provisions in the Bills for registration in England 
and Scotland wliich were last year brought into Parliament, ap- 
pear to be utII calculated for promoting the purposes liere 
slated : and in particular the provisions that books for regi- 
stration be kept by persons of some intelligence in every parish 
and every town throughout the country, and that no intenm nt 
shalt he permitted to take place in any hirial-^round without 
a certificate of the registration of the death being j^^'oducedj 
appear quite indispensable to the proper regulation of this mat- 
ter ; but the forms furnished in the two Bills for keeping the 
registers of deatli are material h/ different , and in several respects 
both forms appear essentially defective^ and would certainly 
fail of affording all the information which it is desirable, and 
certainly practicable, for such a register to give. 

The second column of the Schedule C. of the Scotch Bill, in- 
tended to record the designation and place of abode of the de- 
ceased person, for greater precision and minuteness should cer- 
tainly be divided into two, and the rank or employment of the 
person, past or present, or that of his father^ or of the head of 
the family in which he lived, be stated in one ; and the exact 
residence^ i, c. not merely the town, village, or parish, but the 
street and number, or the division of a parish, in the other; and 
another column should be added here, for recording the exact 
age of every deceased person. 

Ill like manner in Schedule B. of the English Bill there should 
be a column to indicate the exact residence; and the column to 
mark the rank or profession of the deceased should state also 

or that of the head of the family It is quite essential, for 
the purposes that have been stated, to have such a record of the 
mortality, not only of each town or parish, but in every occupa- 
tion or line of life, at evety age from infancy upwards, and in 
eiuoy description of locality {high or low, damp or dry, town 
or country, districted a parish, &c.) as shall enable any inquirer, 
by examination of registers, to obtain and exhibit information on 
these points, for any given time, in the form of tables, and it 
is obvious that for that purpose the age, the exact residence, and 
soine indication of the occupation or rank in life of each indi- 



FIFTH IIEFOIIT — 18:^5. 


vidual must be recorded ; iind these are points on which accu- 
rate infoniiatioii may in almost in every case be easily obtained 
without the instrumentality of any other agents than those al- 
ready contemplated in both Bills. 

Again, it is of the utmost importance to have as accurate in- 
formation as can be obtained as to the causes of death ] and 
although there may^ for a long time to come, be a deficiency of 
precision in the statements of that kind which may be procured, 
yet it will certainly be right to have a column (as directed in the 
Scotch Bill), and even to divide this into two compartments, for 
this purpose. On one important point information may always 
be had, viz. as to whether the fatal disease was acute or chronic, 
by an answer being required to the query, whether the deceased 
was ill, and disabled for his ordinary occupation, for less or 
more than six weeks (or 40 days) before death. What occurs 
to the Sul) -cominittee as the best expedient for ol)taining further 
information, is, that the Bill should contain a clause directing 
the names of diseases to be entered according to regulations to 
be su])se<juently issued by the Secretary of State for the Home 
Department. The substance of these regulations the {Sub -com- 
mittee think should be as follows : 

A list of diseases should be furnished to each keeper of regi- 
sters, and he should be directed to inquire of each person regi- 
stering a death, whether he can state, on the authority of a medi- 
cal practitioner, that any one of the diseases in that list was the 
cause of death ; if so, that name is to be entered under the head 
of acute or chronic disease according to the rule already stated. 
If no m(‘dical authority can be given for the name of the disease, 
the keeper of the register should be directed to impure whether 
any prevalent epidemic was the cause of death ; and if not, 
whether the part of the body chiefly affected in the disease of 
^vhich the person died was the heady as in apoplexy, palsy, 
convulsion; or the chesty as in inflammation, or consumption, of 
the lungs, asthma, dropsy with diflicult breathing, &c. ; or the 
lower howetsy as in inflamed bowels, dropsy of the belly, flux, 
jaundice; or the external partsy as in diseases of tlie joints, limbs, 
or surface; of the body. The cause of death is then to be entered 
as disease of the heady chesty lower hotvelsy timhsy or surface of 
the body ; and under the head of acute or chronic disease ac- 
cording to the rule above stated. By means of such regulations, 
duly enforced throughout the kingdom, the Sub-committee 
think that such information may be recorded as, if thrown by 
future inquiries into the form of Tables, may very greatly eluci- 
date the causes, and the means of prevention, at least of the 
most important diseases ; and this by means of the same agents 
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as are required to be employed by the Bills now in contempla- 
tion, and without imposing any expense on any party beyond 
what the other provisions of the Bills have already done. 

Thus, the Schedule to be inserted in the Bill for directing the 
mode of registering deaths, so far as the information that is de- 
sirable for medical inquirers is concerned, would stand thus : 


Date. 

Name 

Age 

Exact 

Employment, 




Residence. 

or tliat of the 





head of the 


j 

i 

1 


Family. 

1 

1 


Disease or cause of Death. 


Acute. 'Chronic. 


As it may hereafter appear practicable and expedient to re- 
(piire for certain times, and in certain places, some further and 
more precise information, it seems higlily desirable that two or 
more blank columns should be directed to be left in every book 
kept for the purpose of registration, and that the Executive 
(lovermnent should reserve to itself the power of hereafter di- 
recting that those columns shall be filled up in such manner as 
may be thought proper, without the expense and loss of time 
vc{[uisite for a new Act of Parliament. 
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[From the London and Edinburgh Philosophical Magazine and Journal of Hcience.'\ 

contributions to science received at the annual meet- 
ings of the British Association are of two classes,— -the one 
consisting of reports and researches executed under its im- 
mediate impulse and direction, the other of miscellaneous 
communications, the authors of which choose this method of 
bringing new facts or theories into notice, and of submitting 
them to public discussion. 

Without undervaluing in any degree the latter class of con - 
tributions, the Association deems it advisable to deal with 
them in such a manner as to avoid any interference with the 
Tran.sactions of other Institutions ; with this view it hai^is- 
couraged the production, at its meetings, of papers in alrote 
for publication in such Transactions ; and whilst it prints at 
full length those reports and researches which are directly 
its own, it has refrained from publishing the miscellaneous 
communications in any other form than that of notices and 
abstracts. 

At the last meeting it was determined to draw the line of 
distinction still more completely, and at the same time to af- 
ford a speedier opportunity of publishing views brought for- 
ward for the sake of early notice and discussion, by transfer- 
ring the abstracts of all the miscellaneous papers communi- 
cated to the Meeting from the annual Report of the Association 
to the periodical journals of science. 

As in regard to the number and value of scientific contri- 
butions, so in other respects the meeting at Dublin fulfilled 
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all the expectations which had been entertained of its success : 
even before it assembled there its members had received such 
unusual proofs of the esteem in w’hich the Association was 
held as could not but add to the spirit and animation of the 
meeting. The tribute to science paid by an eminent mer- 
chant of Liverpool (Sir John Tobin) in devoting one of the 
finest steam-boats in that port to the service of its members, 
and accompanying them in three voyages as their host ; the 
kindred spirit evinced by the Directors of the Dublin and 
Kingstown rail-road, who provided gratuitous* conveyance 
from the coast to the capital; the splendid entertainments 
given in the Zoological and Botanic Gardens ; the hospitali- 
ties of the Royal Colleges of Physicians and Surgeons, and of 
that illustrious academical body on which rested the chief 
charge and credit of receiving the Association ; the partici- 
pation in these festivities of the Representative of the Sove- 
reign, and the happy manner in which he seized the occa- 
sion of conferring a public mark of distinction on the highly- 
gifted mathematician and astronomer who held office as one 
of the Secretaries of the Meeting ; — in addition to these open 
testimonies of respect for scientific pursuits, the silent under- 
current of refined and invisible hospitality by which the guests 
of Ireland found their expenses contracted and their cheer 
enhanced, — all these were indeed but collateral circumstances 
attending that meeting, and managed in such a manner as to 
interfere with none of its scientific labours ; but they were 
not ineffective in kindling a warmth of feeling by which the 
powers of the mind are capable of being invigorated even in 
the pursuit of abstract truth. The moral calm, too, which the 
meeting seemed to communicate, — the suspension of every 
feajkig but that of a common interest in promoting theknow- 
le^e of nature, — this, in like manner, was but an incidental 
circumstance, yet it raised thoughts of the usefulness as well 
as the dignity of those studies which possess a charm not only 
to elevate the individual but to bind the species together. 

Reflections of this kind, which crowd upon the mind on 
such occasions, and which the meeting at Dublin excited in 
a peculiar degree, contribute their share to that general effect 
of which Professor Hamilton gave so eloquent a description 
in his preliminary address, whilst asserting the power of so- 
cial sympathy over the most private moments of exertion in 
the secret retirements of science. We meet, we speak, we 
feel,” said the Professor, together notv, that we may here- 
after the better think and act and feel alone. The excitement 
with which the air is filled will not pass at once away; the 
influences that are now amongst us will not, we trust, be 
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transient, but abiding : these influences will be with us long ; 
let us hope that they will never leave us : they will cheer, they 
will animate us still, when this brilliant week is over ; they 
will go with us to our separate abodes, will attend us on our 
separate journeys ; and whether the mathematician’s study, 
or the astronomer’s observatory, or the chemist’s laboratory, or 
some rich distant meadow, unexplored as yet by botanists, or 
some untrodden mountain top, or any of the other haunts and 
homes and oracular places of science, be our allotted place of 
labour till we meet together again, 1 am persuaded that those 
influences will operate upon us all, that we shall all remember 
this our present meeting, and look forward with joyful expec- 
tation to our next reassembling, and by the recollection and 
the hope be stimulated and supported.” 

Highly, however, and justly as we prize the social and sym- 
pathetic ardour of mind which these meetings spontaneously 
produce, we must not coniine our views to this object in such a 
manner as to propose to dispense with more direct endea- 
vours to effect the advancement of science. On this subject 
some remarks w'crc oftered by Mr. Harcourt, at the close of 
his statement of the Recommendations of the Committee and 
of the appropriation of certain sums to scientific purposes, 

After^ adverting to some remarkable instances which had 
come to his knowledge of the actual effect of these meetings 
in awaking the dormant spirit of science, and enumerating 
among Jhe indirect benefits that arise from them the means 
which they supply to persons whose merits have been ob- 
scured by accidental circumstances, of vindicating their own 
rightful claims, and of repelling that false and partial criti- 
cism by which genius had in former days been too often de- 
pressed, he proceeded to say, After all, every important 
advantage which these meetings possess, and, above all, the 
maintenance in them of tiie true principles and character of 
philosophical investigation, will entirely depend on the con- 
tinued presence and concurrence of the master-fipirits of 
science ; and it must be remembered that these are the per- 
sons whose attendance, from the value of their time, it is 
most difficult to secure. From the first commencement of 
the Association I have always held that there is but one mo- 
tive strong enough to tear those persoits from their retire- 
ments and to bind them to these annual meetings. If you 
here offer to them the direct and acknowledged means of ad- 
vancing the science to which they are attached, if you assist 
the astronomer in effecting the reduction of the elements of 
his calculations, if you establish for the meteorologist a 
system of conjoint and extended observations from which the 
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laws of the atmosphere may be deduced, — with such objects 
before them, the greater mastery they may possess in science 
the more eager will be the interest which they take in your 
meetings, and the more probable it is that you will enjoy the 
advantage of their counsel, and the communication of their 
spirit, than which there is nothing more essential to give life 
and consistence to your proceedings.’^ 

This we are persuaded is the vital principle on which the 
permanence of the Association depends. Should it ever be 
lost sight of, should the resources of the institution come to 
be expended chiefly on subordinate objects, and its recom- 
mendations directed to little points, instead of the great 
questions whicli interest men of comprehensive views in the 
difterent departments of science, the consequence will be that 
the meetings will be left entirely to men of second-rate ac- 
quirements, and that tliey will speedily fall into contempt. 

We have reason to hope that the next volume of the Trans- 
actions of the Association, which we are informed will soon 
appear, may bear evidence of a continued attention to this 
principle ; in the mean time the answer contained in Mr. 
Hamilton’s address to the objection of a writer in the Edin- 
burgh Review against the exercise of the influence of the 
Association in obtaining from the Government a grant of 
money for the reduction of observations on the sun, moon, 
and planets, made at Greenwich by Bradley and his succes- 
sors, sufficiently shows how judiciously it has coinmcjnced its 
operations. The astronomer royal of Ireland informs us that 
the particular undertaking thus objected to has afforded the 
most unmixed gratification to those cultivators of science 
who are interested in the progress of the higliest department 
of astronomy, and he quotes the opinion of Bessel to the 
following effect: To me, considering all these things toge- 
ther, it appears to be of tlie highest moment towards our fu- 
ture progress in the knowledge of the solar system, to reduce 
into catalogues, as conveniently as can be done, according to 
one common system of elements, the places of all the planets 
observed since 1750; than which labour I believe that no 
other now will be of greater use to astronomy.” 

We must refer to the Reports of the Association for 
further proofs, in discussions of tables of the tides and other 
important investigations, that there is no want of enlarged 
views ill its Recommendations and in the expenditure of its 
now considerable funds. As long as this continues to be the 
case we have no doubt that, meet where it will, its meetings 
will attract a large proportion of those who are sincerely 
devoted to science for its own sake, and who have a just un- 
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derstanding of the spirit in which it is to be pursued and 
the methods by which it is to be advanced. 

Nor does there seem to be any reason to fear that the want 
of a locality for such assemblages will be found to place an 
impediment in their way.^ At the late meeting there were 
deputies present from five of the chief commercial towns in 
England to invite the Association and to offer suitable ac- 
commodation in their respective towns. Bristol stood first 
on the list of those from which invitations had been received 
on former occasions ; and its situation being also far re- 
moved from the districts which the Association has hitherto 
traversed, it was determined to hold the ensuing meeting in 
that city in August next. The highly interesting and impor- 
tant country which forms the South-west of England will be 
conveniently embraced by this meeting, and the zeal which 
public bodies no less than individuals have shown to facilitate 
and encourage the arrangements for it, concurs with the high 
reputation of the men of science connected with Bristol, to 
hold out the confident expectation of a successful result. 


NOTICES OF LECTURES DELIVERED AT THE EVEN- 
ING MEETINGS OF THE ASSOCIATION. 

Professor Powell gave a lecture on the phacnomena of prismatic 
dispersion, in relation to the undulatory theory of light. 

After giving a general view of the phienomena, and a particular de- 
scription of the black lines in the spectrum whose position is taken as 
a measure of the refractive and dispersive powers of substances, Pro- 
fessor Powell proceeded to state the results of some recent labours, 
undertaken by himself in order to ascertain wliether the undulatory 
theory of light, which is admitted to explain almost every fact in 
optical science except dispersion, could be applied to explain that 
also. By reducing to calculation a formula suggested to the author 
by Professor Airy, as arising out of the researches of M. Cauchy, 
and expressing a relation between the refractive index of a ray and 
the length of the wave, a very close agreement was found be- 
tween the numbers which result from the formula and those observed 
by Fraunhofer for ten different media, viz. four kinds of flint glass, 
three of crown glass, water, oil of turpentine, and solution of pot- 
ash, Professor Powell is engaged in the arduous labour of testing 
the applicability of M, Cauchy’s modification of the undulatory 
theory to the explanation of the phsenomena of prismatic disper- 
sion, by individual examples ; and he states, that as far as the calcu- 
lations have been executed, it appears that even the extreme case of 
that highly dispersive substance oil of cassia is comprehended with 
at least considerable accuracy by the theory. It appears, then, that 
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one of the greatest of the remaining objections to the reception of 
the undulatory theory is at least partially removed. 

The Rev. W. Whewell stated the progress whicli had been made 
during the past year in Observations of the Tides, not only round the 
coasts of Great Britain and Ireland, but also under the direction of 
the Governments of Sweden, Denmark, Rtissia, Spain, France, Hol- 
land, and the United States. The dependence of the velocity of the 
tide wave on the depth of the ocean channels was pointed out as an 
instance of the collateral benefits arising from the advancement of 
any one branch of knowledge; for, in consequence of tlie perfection 
of this branch of bydraulical science, it might be possible for geo- 
logists to acquire some valuable information concerningi parts of the 
ocean where no plummet ever sounded and no line was ever cast. 

Mr. Babbage explained his views of a method of Natural Chrono- 
inetry derivable from an examination of the annual layers of growth 
in wood. Considering these layers as liable to vary in thickness 
according to lavourabio or unfavourable seasons, and any scries of 
them in one tree capable of being coordinated with a contempora- 
neous series in another, by means of these irregularities, it was 
shown to be possible to arrive at an accurate knowledge of the pe- 
riod of existence of trees in which life had become extinct, or which 
had been long enveloped in peat bogs, provided a suflicient number 
of trees of intermediate periods, which had been subject to the same 
irregularities of annual growth, could be examined. The bearing of 
the inquiry on historical records of seasons and on geological specu- 
lations was pointed out, and the process which it would be most con- 
venient to pursue in the application of the mothod clearly indicated. 

Professor Sedgwick presented a general review of the labours of 
the Geological Section during the week, illustrated by a section of 
the Cumbrian and Silurian systems of rocks. 

Dr. Lardner delivered a lecture on Locomotive Engines, illus- 
trated by drawings and working models. 

Dr. Barry gave an account of his ascent of Mont Blanc in 
1834, illustrated by drawings. 

Mr. Babbage described a remarkable Phaenomenon in the Sea on 
the coast of Cephalonia (details of which had been communicated to 
him by Lord Nugent), which appeared to indicate the existence of a 
large cavity below the bed of the sea, and communicating therew ith. 

Professor Wheatstone exhibited his Speaking Machine, and ex- 
plained the principles of its construction, and the progress which 
had been made in the mechanical imitation of the human voice. 
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0 MATHEMATICS AND PHYSICS. 

Professor Hamilton gave a sketch of liis new theory of logo* 
logiies and other mimbers of higher orders ; (see Transactions of the 
Royal Irish Academy ;) also a similar account of his new theory of 
varying orbits. 

He likewise explained to the Section tlie method of investigation 
pursued by Mr. G. B. Jerrard, for accomplishing the solution of 
equations of the fifth or of higher degrees. 

A short Account of some recen t Investigations concerning the Laws of 
licflcxion and Refraction at the surface of Crystals. By Mr, 
M’Cullagii. 

To understand the nature of the general problem which a com- 
plete theory of double refraction requires to be solved, let it be sup- 
posed that a ray of light is reflected and refracted at the separating 
surface of an ordinary medium and a doubly refracting crystal, 
the light passing out of the former medium into the latter. This 
limited view of the subject is taken merely for the sake of clearness 
of conception ; since we might suppose that both media are crystal- 
lized, without increasing the difficulty of the problem. The question, 
it is obvious, naturally divides itself into two distinct heads. The 
first relates to the laws of the jiropagation of light in the interior of 
either of the two media, before or after it has passed their separating 
surface ; and this part of the subject has been fully treated, accord- 
ing to their different methods, by MM. Fresnel and Cauchy. The 
second division of the subject had been left completely untouched. 
It relates to the more complex consideration of what takes place at 
the separating surface of the media, the laws according to which 
the light is there divided between the reflected and refracted rays, 
including a determination of the attendant circumstances indicated 
by the wave theory, with regard to the vibrations in the reflected 
and refracted rays. In the case above mentioned, when the incident 
light is polarized, there are four things to be determined, namely, 
the magnitude and direction of the reflected vibration^ with the wiog*- 
nitudes of the two refracted vibrations. The four conditions neces- 
sary for this determination are furnished by two neW laws, which 
could not be easily stated without entering too much into detail. 
The results, applied to determine the polarizing angle of a crystal 
in different azimuths of the plane of reflection, agree very closely 
with the admirable experiments of Sir David Brewster on Iceland 
spar. In the course of these experiments it was observed that the 
polarizing angle remained the same when the crystal was turned half 
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round (through an angle of 180 ®), although the inclination of the re- 
dacted rays to the axis of the crystal was thereby greatly changed. 
This remarkable fact is a consequence of the theory. After some 
complicated substitutions in the primary equations, the value of the 
polarizing angle is found to contain only even powers of the sine or 
cosine of the azimuth of the plane of reflection, and ftlerefore a 
change of 180 ® in the azimuth produces no change in the polarizing 
angle. 

The two new laws above mentioned, on which the theory de- 
pends, occurred to the author in the beginning of last December ; 
but, owing to an oversight in forming one of the equations, they 
were not fully verified until the beginning of June. 

In this theory it is supposed that the vibrations of polarized light 
are parallel to the plane of polarization, according to the opinion of 
M. Cauchy. This is contrary to the views of Fresnel, whose theory 
of double refraction obliged him to adopt the hypothesis that the 
vibrations are perpendicular* to the plane of polarization. It is 
further supposed, that the density of the vibrating cether is the same 
in both media ; and this hypothesis of a constant density in different 
media, which was found necessary for the theory, seems to accord, 
better than the supposition of a varying density, with the phsenomena 
of astronomical aberration. 

If we conceive the three principal indices of refraction for the 
crystal to become equal, we shall obtain the solution of a very simple 
case of the general problem with which we have been occupied, — 
the case of an ordinary refracting medium, such as glass. This 
simple case, it is well known, was solved by Fresnel. The fore- 
going theory leads to a simple law, expressing all the particulars of 
the case, but differing with regard to the magnitude of the refracted 
vibration, from the formulae of Fresnel. The law may be stated, 
by saying that the refracted vibration is the resultant of the incident 
and reflected vibrations ; the first vibration being the diagonal of a 
parallelogram of which the other two vibrations are the sides, just 
as in the composition of forces. The plane of this parallelogram is 
the plane of polarization of the refracted ray. It is to be remem- 
bered, that the vibrations in each ray are perpendicular to the ray 
itself, and 'parallel to its plane of polarization. 

This simple case has also been considered by M. Cauchy, in a 
short paper inserted in the Bulletin Universel, tom. xiv. ; but it does 
not seem to have been observed by any one that his solution is er- 
roneous. His . formula for light polarized parallel to the plane of 
reflexion, is that which belongs to light polarized perpendicular ta 
the plane of feflexion and vice versd. 


Mr. Whewell read bis report on the Mathematical Theories of 
Electricity, Magnetism, and Heat. 

[This report will be printed in the next volume of the Transac* 
tions of the Association.j 
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Ou ccftain jioints connected with the recent Discoveries relative to 
Radiant Heat. By Professor Powell. 

In this communication the author expressed his particular satis- 
faction in finding that M. Melloni (in his second memoir) describes 
a repetition of the experiment originally made by him, and recorded 
in the Philosophical Transactions, 1825, with perfect success, by 
means of his extremely delicate apparatus. The confirmation is 
the more complete, as the experiment was made by M. Melloni with 
a different view. 

It is thus now established beyond question, that luminous hot 
bodies are sending out two distinct sorts of heat, or two distinct 
heating agents, at the same time, differing in their properties and 
mode of operation. 

Hence the whole series of results of M. Melloni must be inter- 
preted with reference to this distinction, and possibly the considera- 
tion of it may remove some of the apparent anomalies. 

Another question of importance which has occurred to the author 
is this, — Whether, in the polarization apparatus, supposing one glass 
or pile of mica heated, it will radiate the same quantity of heat to 
the other in the two rectangular positions. The question is purely 
a mathematical one, and has been in some degree considered, at the 
author’s suggestion, by Mr. Murphy, of Cambridge. The integra- 
tion has not been completed, but Mr. Murphy thinks it clear that 
there will be a difference. 

On the Pheenomena usually referred to the Radiation of Heat. By 
Henry Hudson, M.D.^ M.R.I.A,^ Dublin. 

For the purpose of repeating Leslie’s experiments with variations 
of the temperatures of the surface of the mirror and of the thermo- 
meter, the author procured a parabolic zinc mirror with a hollow 
back, so that its surface could be heated or cooled by filling it with 
hot or cold liquids. 

The following are the results obtained : 1 st. Whatever be the tem- 
perature of the room, if the mirror and canister be at the same tem- 
perature also, there is no effect produced by either the metallic or 
the varnished side of the canister. 2nd, If the canister (alone) be 
above the temperature of the air, the varnished side produces a 
greater heating effect than the metallic side, in the proportion of 
about 12 : 1. 3rd, If the canister (alone) be below the temperature 
of the room, the varnished side produces a greater cooling efifect 
than the metallic in the same proportion of about 12:1. 4th, If fhe 
mirror be heated considerably (say to 200® Fahr,), and the thermo- 
meter so arranged that both balls are equally warmed by the mir- 
ror (one of them being in the focus), a canister (at the same tem- 
perature as the room) produces a cooling effect on the focal ball, 
and the varnished ;5ide displays its superior efficiency. 5 th, The 
mirror and thermometer being as in the last experiment, the canis- 
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ter was heated 10 or 12 degrees beyond the temperature of the 
room. The effects were now found to vary according to the di- 
stance of the canister from the mirror. At a short distance it acted 
as a cold body, and the varnished side most efficient; on increasing 
the distance, the effect diminished, and at a certain point altogether 
ceased ; the thermometer marking zero, whether the varnished or 
metallic side was towards it ; but on increasing the distance, the 
canister began to act as a warm l)ody, and again the varnished side 
displayed its superiority. Cth, When the focal ball (merely) was 
cooled by the evaporation of w ater, or even of aether, neither side of 
the canister produced any change in the effect. 7th, When the 
focal ball was cooled 27® of Fahrenheit (by evaporation of aether), 
and the canister cooled IG® of Fahrenheit (being of course 11® 
warmer than the focal ball), the focal ball was now cooled more 
than previously, as if tlie canister were (comparatively) a cold body. 
The rapid evaporation of the aether makes these experiments trouble- 
some. The author then pointed out that no theory of the emission of 
rays of heat could account for the phsenomena, unless rays of cold 
were also admitted ; and called attention to Professor Leslie’s theory, 
as deserving further investigation, vvitliout, however, drawing any 
conclusion from the experiments, excepting that they could only be 
accounted for on theory of undulations. lie then suggested, 
as one cause of the different radiating powers of surfaces, their dif- 
ferent capacities for heat. The two surfaces being at the Actmc tem- 
perature and in the same medium (of a lower temperature), may be 
considered to have the same tendency to attain the common tempe- 
rature of the medium, and may therefore he expected to give off the 
same portion of their excess of temperature, and consequently quan- 
tities of heat proportional to the capacities of the surfaces ; taking 
the latter in the physical sense of having some definite thickness, 
which may be different in different substances. 

Dr. Hudson then mentioned a few experiments made with Melloni’s 
thermo-multiplier, respecting the question of the “ direct free trans- 
mission of heat ” through rock-salt, rock-crystal, and alum. Having 
removed the crystals from the opening in the screen, he moved the 
canister (containing hot water) entirely out of the axis of the ther- 
moscope, so that the needle stood at zero. He then placed the 
crystals (successively) in the opening of the screen, and found the 
effects on the needle to be instantaneous, and also to follow the 
same order in the different crystals as to its amount, as when the 
canister was in the axis of the therraoscope, so as to make it question- 
able whether the effects in the latter case were not (also) wholly 
owning to the conduction of heat through the crystals. He alluded 
to these experiments merely as indicating a method of determining 
the point in question ; as, if there be (contrary to Melloni’s deduc- 
tions) no direct transmission of simple heat, we may expect to find 
the same results produced by a given source of heat, whether in or 
out of the axis of the instrument, provided the canister and the cry- 
stal are equally distant,, and their surfaces equally inclined to each 
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Other in both cases. In the experiments with the mirror, he had 
used a differential thermometer containing aether instead of sulphuric 
acid, as being much more delicate in its indications of heat ; and 
suggested its being made still more sensitive by the use of other 
liquids, having himself succeeded in making one containing con* 
densed sulphurous acid gas. 


On the Prismatic Decom'position of Electrical Light, By Professor 
^ Wheatstone. 

I'he following is a brief notice of the principal results stated in this 
communication: 1. The spectrum of the electro-magnetic spark 
taken from mercury consists of seven definite rays only, separated 
by dark intervals from each other ; these visible rays are two orange 
lines close together, a bright green line, two bluish green lines 
near each other, a very bright purple line, and, lastly, a violet line. 
The observations were made with a telescope furnished with a mea- 
suring apparatus ; and to ensure the appearance of the spark inva- 
riably in the same place, an appropriate modification of the electro- 
magnet was employed. 2. The spark taken in the same manner 
from zinc, cadmium, tin, bismuth, and lead, in the melted state, 
gives similar results ; but the number, positioill and colours of the 
lines varies in each case ; the appearances are so different, that, by 
this md&e of examination, the metals may be readily distinguished 
from each other. A table accompanied the paper, showing the po- 
sition and colour of th^ lines in the various metals used. The 
spectra of zinc and cadmium arc characterized by the presence of a 
red line in each, w^hjeh occurs in neither of the other metals. 3. When 
the spark of a voltaic pile is taken from the same metals still in the 
melted state, precisely the same appearances are presented. 4. The 
voltaic spark from mercury was taken successively, in the ordinary 
vacuum of the air-pump, in the Torricellian vacuum, in carbonic 
acid gas, &c., and the same results were obtained as when the expe- 
riment was performed in the air or in oxygen gas. The light, there- 
fore, does not arise from the combustion of the metal. Professor 
Wheatstone also examined, by the prism, the light which accompa- 
nies the ordinary combustion of the metals in oxygen gas and by 
other means, and found the appearances totally dissimilar to the 
above. 5. Fraunhofer having found that tlie ordinary electric spark 
examined by a prism presented a spectrum crossed by numerous 
bright lines. Professor Wheatstone examined the phaenomena in dif- 
ferent metals, and found that these bright lines differ in number and 
position in every different metal employed. When the spark is taken 
between balls of dissimilar metals, the lines appertaining to both are 
simultaneously seen. 6. The peculiar phenomena observed in the 
voltaic spark taken between different metallic wires connected with 
a powerful battery were then described, and the paper concluded 
with a review of the various theories which have been advanced to 
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explain the origin of electric light. Professor Wheatstone infers 
from his researches, that electric light results from the volatilization 
and ignition (not combustion) of the ponderable matter of the con- 
ductor itself ; a conclusion closely resembling that arrived at by 
Fusinieri from his experiments on the transport of ponderable mat- 
ter in electric discharges. 


On the simultaneous Vibrations of a Cylindrical Tube and the Column 
of Air contained in iU By the Rev, James ChaSlis. 

Mr. Challis, in his report on the Analytical Theory of Hydrody* 
namics, and elsewhere, has expressed the opinion that, to complete 
the theory of musical vibrations in a cylindrical tube, it is necessary 
to take into account the vibrations of the tube itself. In this com- 
munication he states some results which he has arrived at theoreti- 
cally, respecting the kind of influence the tube will exert on the 
aerial column. 

It is assumed that the tube is capable of vibrating so that its par- 
ticles move in planes perpendicular to the axis, with the same mo- 
tion in all directions from the axis in the same transverse section. 
Then, if the vibrations of the tube be of very small extent, and its 
diameter small, con^ared with its length, the following are the prin- 
cipal mathematical results respecting the motion of the air| ^ far as 
it is consequent upon the vibrations of the tube. 

1. The motion of the particles situated on the axis will take place 
in the direction of the axis, and will be nearly the same as if an im- 
pulse were originally given in this direction, and the propagation 
were rectilinear. 

2. At all points of the same transverse section, the motion, esti- 
mated in a direction parallel to the axis, will be nearly the same. 

3. If the tube be made to vibrate isochronously, and so as to con- 
tain, at equal intervals along its length, nodal sections and sections 
of maximum vibration, it will produce in the fluid vibrations of the 
same duration, with pbints of quiescence and of maximum vibration 
at intervals corresponding to vibrations of that duration in air, 

4. But unless the nodal sections of the tube be Axed, the duration 
of these simultaneous vibrations will not be permanent till the in- 
tervals between the nodal sections become the same in the tube as 
in the column of air ; and then a nodal section of the tube is nearly 
coincident with a section of maximum vibration of the fluid. 

From these results it follows that there are certain transverse vi- 
brations of the tube which will impress on the fluid column the same 
kind of motion as it is known can be given to it by vibrations ex- 
cited near one extremity of the tube when the other is open. Ma- 
thematicians have succeeded in satisfactorily representing the cir- 
cumstances of the motion in the latter case of disturbance, by as- 
suming, from experiment, that the open end is a position of maxi- 
mum vibration, or nearly so ; but hitherto no distinct cause for this 
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fact has been assigned. Mr. Challis thinks it may be shown mathe* 
matically that the aerial vibrations, excited at the extremity of the 
tube, and propagated along its interior, will put it into the state of 
vibration, which, as appears from the foregoing results, will produce 
an effect the same in kind as that observed. But to what degree the 
phenomenon may be attributed to this cause, can be learnt only from 
experiment, by ascertaining whether the vibrations of the tube have 
any considerable influence on the intensity of the musical sounds. 
The following fact seems to favour the idea of a sensible influence. 
A sound produced under glass, (for instance, the ticking of a French 
clock under a glass covering,) is louder than when the glass is re- 
moved, plainly by reason of the internal reflexions and the propa- 
gation of the vibrations along Us surface, which cause it to vibrate 
so as to act with increased effect on the external air. It is not easy 
to discern that the glass vibrates, but the increase of sound is proved 
to be owing to this cause, when, on pressing the glass with the palms 
of the hands, the intensity is diminished. This experiment may 
suggest the means of detecting the influence of the vibration of a 
solid, in other instances of a similar nature. 


Case of Interference of Sound, By Robert Ka.ne, 

M.RJ.A., &c. 

Among tlie experimental proofs of the neutralization of waves, 
suggested by Sir John Herschel in his interesting paper on the ab- 
sorption of light, is one wdiich consists in transmitting through a 
system of canals, weaves of sound, emanating from one origin, and 
reuniting after that by the route of one having been rendered more 
circuitous than that of the other, when the difference in the lengths of 
the paths has become such as to qualify them for interference. It 
occurred to Professor Kane to ascertain whether Sir J. Herschefs 
idea could be verified in practice, and in certain cases the result has 
been found satisfactory. 

A system of tubes was constructed in which the lengths of the 
paths were as two to three. Thus in the annexed figures (which, 
notwithstanding the difference of shape, 
produced precisely the same results,) the 
shorter path a. c. d, is as 1 0 inches and the 
^ j longer a. b, d, 15 inches in length. The 

a \ ^aves of sound were generated by the lan- 

guette mechanism of an organ-pipe applied 
at a. or d,, and the series obtained first for 
each tube separately, and then from the sy- 
stem of both. The series of the shorter 
tube was found E'.E". B''. E'"., and that 
of the longer tube A. A'. E''. A''. E'^'. 

When the tubes were sounded toother, the latter series was ob- 
tained complete, and the notes of the shorter tube completely sup- 
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pressed. It was found, however, that the sounds of the longer tube, 
which also belong to the series of the shorter, were obtained with 
superior clearness, as E''. E'''. and A'', and B". appeared to break 
into each other. 

Other experiments having shown that systems of tubes may, 
by certain methods of vibration, be forced to produce sounds not 
included in their natural scries of harmonics, and it being pos- 
sible that the suppression of the proper vibrations of the shorter 
tube resulted not from the ordinary principle of interference 
but from being forced into unison with the longer one, Professor 
Kane endeavoured to obtain a system in which the whole series 
of neither tubes should be suppressed, but that certain notes 
should be absorbed from the series /)f each. In only one case did 
he succeed, but in that one the result is very satisfactory, A 
combination was made of this figure, in 
which the length of the path a, b, c. was 
21 inches, that of the path a. b, d, e. was a 
18 inches. The series of the shorter tube 
was F. F\ C". F'"., and of the longer D. D'. A'. D". F". A". D'". 
The waves being excited from the orifice c. the scries of the system 
was D. F. D''. F''. A". Hence the notes F^ and C^^ had 

been absorbed from the series of the shorter, and the notes D'. and 
. A', from that of tlM||longer tube : whilst the F. F''. and of the 
one and the D. D'^lpd A", of the other tube maintained their place 
in the series given by the system. 





On the various Attempts which have been made to imitate Human 
Speech bij Mechanical Means, By Professor Wiieatstoni:. 

Professor Wheatstone gave an account of the various attempts 
which have been made to imitate the articulations of speech by me- 
chanical means. He described and repeated the experiments of 
Kratzenstein, De Kempelen, the Abbe Mica), and Mr. Willis of 
Cambridge. De Kempelen’s speaking- machine was exhibited in 
the course of the lecture, and made to pronounce many words and 
a few short sentences. Professor Wheatstone concluded with an 
analysis of the elements of speech founded on these and other inves- 
tigations, and pointed out the importance of the inquiry as con- 
nected with philology. 


On the Construction of Public Buildings in reference to the communis 
cation of Sound, By l)r^ D. B. Reid. 

Dr. Reid maintained, from numerous experiments made in the 
open air in the neighbourhood of Edinburgh, in which he was as- 
sisted by a number of gentlemen, and also from a comparison of 
his class-room with many other* buildings, that any difficulty in the 
communication of sound in large rooms arises generally from the 
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interruption of sound produced by a prolonged reverberation, and, 
comparatively, rarely from a deficiency in the voice of the speaker. 
The human voice had been heard distinctly at tl>e distance of a 
mile and upwards in a calm atmosphere. Sir John Ross, Lieu- 
tenant Bowen, and many others, had borne testimony to this fact ; 
and in the experiments above alluded to, in the open air, individuals 
conversed easily at a distance varying from 200 to 1000 feet, when 
it was calm. In many rooms, in consequence of the repeated re- 
flections bql^een wall and wall, or between roof and floor, the sound 
of the voice might be heard continued many seconds after the indi- 
vidual trying the experiment had ceased to speak. In a newly 
fitted-up leaden chamber for the manufactory of oil of vitriol, the 
sound was heard prolonged for seven seconds ; and when the dif- 
ferent notes of any chord were sounded successively by any indi- 
vidual, they were afterwards heard blending harmoniously in one 
compound tone. The leaden chamber was 80 feet long, 15 broad, 
and 1(3 high. In numerous public buildings similar effects are ob- 
served ; but if the walls be made rough and irregular, so as to lose 
all resilient power, and hung with drapery, the reverberation ceases. 
On the same principle, the reflecting powrer of the floor being taken 
away by a crowde d audience, sound is very different in such an 
apartment from what is observed when it is comparatively empty. 
The distinction between the actual amount of sound and purity of 
intonation has not been sufficiently attended to. Much sound may 
be produced when the primary impulse is strengthened by combi- 
nation with the reflected sound of many preceding w’ords, but it has 
none of that harmony and distinctness which is observed w^hen the 
primary sound alone is allowed to fall upon the ear. The sound 
of cannon has been heard at the distance of 300 miles. Captain 
Stoddart’s account of the firing of cannon in the Baltic heard at this 
distance, affords the most ample and specific information on this 
subject. The sound of volcanic eruptions has been heard at a di- 
stance of nearly 000 miles. It cannot be doubted that the repeated 
reflection of preceding sounds must interfere most materially with 
those that succeed ; and, from what has been above stated, it is ob- 
vious that sucli reflections must be continued frequently to a great 
extent in numerous apartments. 

In constructing buildings, the following circumstances require to 
be particularly noticed. 

In the most perfect form of building for the communication of 
sound, any reflected sound must be prevented from continuing so 
as to interrupt any new tone, by being thrown upon a non-reflect- 
ing floor. So long as the reflected sound comes up in time to 
strengthen the primary impulse before any new sound is heard, it is 
to be taken advantage of ; beyond this it is injurious. A building 
having low walls, rough and irregular on the surface, an inclined 
roof terminating in a ridge in the centre, and having any elevation 
there that might be necessary, the material of which it is made 
having great reflecting power, with a floor matted and arranged so 
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SO as to absorb all pulses of sound, would be best adapted for this 
purpose. 

All superfluous space should be excluded. 

The air should be maintained as uniformly equal as possible. 

All concave surfaces ought to be avoided ; foci, in such cases, 
collecting the sound at one point, while in other places it is compa- 
ratively deficient. 

Dr. Reid, after alluding to the peculiarities in the construction of 
his class-room, and to many other buildings, adverted^ a number 
of circumstances connected with the roof, walls, and flow of different 
buildings, the introduction of grnaments, the variety of form that 
might be adopted according as the walls, roof, ^c. were made to 
reflect or absorb sounds, and the different conditions to be attended 
to where the speaker was confined to one spot, and where indivi- 
duals rose in every place to address an assembly. 


Experimental Researches into the Laws of the Motion of Floating 
Bodies, By J. S. Russell. 

It was the object of these inquiries to assist in bringing to per- 
fection the theory of Hydrodynamics, and ascertain the causes of 
certain anomalous facts in the resistance of fluids, so as to reduce 
them under the dominion of known laws. 

The resistance of fluids to the motion of floating vessels is found 
in practice to differ widely from theory, being, in certain cases, 
double or triple of what theory gives, and in other and higher 
velocities, much less. These deviations have now been ascertained 
to follow two simple and very beautiful laws : 1st, A law giving a 
certain emersion of the body from the fluid as a function of the ve- 
locity. 2nd, A law giving the resistance of the fluid as a function 
of the velocity and magnitude of a wave propagated through the 
fluid, according to the law of Lagrange. These two laws compre- 
hend the anomalous facts, and lead to the following 

Results, 

1. That the resistance of a fluid to the motion of a floating body 
will rapidly increase as the velocity of the body rises towards the 
velocity of the wave, and will become greatest when they approach 
nearest to equality. 

9., That when the velocity of the body is rendered greater than 
that due to the wave, the motion of the body is greatly facilitated : 
it remains poised on the summit of the wave in a position which 
may be one of stable equilibrium ; and this effect is such that at a 
velocity of 9 miles an hour the resistance is less than at a velocity 
of 6 miles behind the wave. 

3. The velocity of the wave is independent of the Ireadth of the 
fluid and varies with the square root of the depth. 
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4, It is established that there is in every navigable stream a cer- 
tain velocity at which it will be more easy to ascend the river against 
the current than to descend with the current. Thus, if the current 
flow at the rate of one mile an hour in a stream 4 feet deep, it will 
be easier to ascend with a velocity of 8 miles an hour on the wave 
than to descend with the same velocity behind the wave. 

5. That vessels may be propelled on the summit of waves at the 
rate of between ^0 and 30 miles an hour. 


On a Species of Balance and its Application to the Measurement of 
Electrical Repulsion, By W. Sxow Harris. 

The principle of this instrument depends on the reactive force 
imparted to two parallel silk threads without torsion, from which is 
suspended a horizontal needle or other body. If a needle be sus- 
pended by two parallel and vertical filaments of silk without torsion, 
equally distant from the centre, its position of rest will be horizon- 
tal, and in tlie vertical plane passing through the silk filaments. 
AVhen the needle is turned through any given angle, the centre of 
gravity of the mass is raised, so that the needle will, when aban- 
doned to the force of gravity, continue to oscillate, and will be in 
the state of a body filling down a small circular arc. Mr. Harris 
bas examined tlic law of this force imparted to the threads, and finds 
it as the weight and square of the distance between the threads di- 
rectly and as the length indirectly, and that it is exactly proportionate 
to the angle of deflection of the needle. Upon these jmnciples 
Mr. Harris has constructed a balance, which he exhibited to the 
Section, and by which he can estimate any forces of repulsion in 
electricity however small. The instrument is not liable to many 
difliculties which embarrass the use of the torsion balance, «and may 
he employed with advantage jn several branches of experimental 
physics. 


On Electrical Attraction. By W. Snow Harris. 

The object of this paper was to examine the operation of attrac- 
tion in electricity, and the laws and differences between the force of 
attraction actually exerted between tw o hodies^and the force excited 
in a neutral uninsulated body, by the influence of a charged body 
acting upon it at a distance. The author endeavoured to show that the 
former force varied in an inverse ratio of the distance simply ; that 
the law of the inverse square of the distance, which is the general 
law for the former force, does not obtain at all distances betweAi 
bodies, except one of them be uninsulated and neutral ; and that in all 
cases of attraction there are two previous forces to be considered, 
1st, the force directly induced in the neutral body ; 2nd, the effect 
of this induced force upon the charged body ; whicli last he called 
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the reflected force» and attempted to prove that the whole attrac- 
tive force between these bodies varies with these forces conjointly^ 
so that if one of them becomes fixed it varies with the otlier. He 
exhibited and described several new experiments in electricity re- 
lating to electrical induction and attraction, and expressed his opi- 
nion that the whole attractive force was dependent on the action 
excited in the neutral bodies reflected on the charged body. This 
principle, with but little modification, he further applied to any case 
of electrical attraction whatever. 


On the Application of the Proof Plane and Torsion Balance to in- 
quiries in Electricitij. By W. Snow Harris. 

Mr. Harris conceives that an insulated plate of metal of small 
thickness may take up unequal quantities of electricity from a body 
and yet the distribution be uniform. The experiments in illustration 
of this were fully discussed. He alluded to several laws of elec- 
trical intensity attendant on the disposition of electricity on surfaces 
and plates varying in extension and in length, but of the same area, 
and endeavoured to show that contrary to the ordinary view of 
electrical distribution, electricity existed on both surfaces of a hol- 
low sphere, as well as on both surfaces of a plate of the same area. 
He considers every case of attraction in electricity to resolve itself 
into the case of charging a coated non-conducting body, and that 
the phaenomena always correspond to those observed in the latter. 


On the Aurora Borealis, By Sir John Ross. 

Having observed in his first arctic expedition that the aurora 
sometimes appeared between the two ships, and also between the 
ships and the icebergs, and found in his subsequent experience, 
both in Scotland and during the second arctic voyage, proofs satis- 
factory to his own mind that the aurora takes place within the 
cloudy regions of the earth’s atmosphere, Sir John Ross states the 
following hypothesis on the subject, viz. “ The aurora is entirely 
occasioned by the action of the sun’s rays upon the vast body of icy 
and snowy plains and mountains which surround the poles,” 


On an (economic Application of Electro-magnetic Forces to ntanufac- 
turing Purposes, By Robert Maleet. 

♦The separation of iron from brass and copper filings, &c., in 
workshops, for the purpose of the refusion of them into brass, is 
commonly effected by tedious manual labour. Several bar or 
horse-shoe magnets are fixed in a w^ooden handle, and are 
thrust, in various directions, through a dish or other vessel contain- 
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ing the brass and iron turnings, &c., and when the magnets have be- 
come loaded with iron it is swept off from them by frequent strokes 
of a brush. This is an exceedingly troublesome and inefficacious 
process. 

It appeared to the author that a temporary magnet of great power, 
formed by the circulation of an electric current round a bar of iron, 
might be substituted advantageously. The following is the arrange- 
ment which he has adopted. Several large round bars of iron are 
bent into the form of the capital letter U, each leg being about six 
inches long. They are all coated with coils of silk-covered wire, 
in the usual way of forming electro-magnets of such bars, and are 
then arranged vertically, at the interval of five or six inches from 
each other. 

All the wires from these coils are collected into one bundle at 
their respective poles, and there joined into one by soldering, a large 
wire being placed in the midst of them and amalgamated. A gal- 
vanic battery is provided, whicli, if care be taken in making the 
junctions at the poles, &c., need not exceed four or at most six 
pairs of plates, of from twenty inches to two feet square. The poles 
of this terminate in cups of mercury, which are so placed that the 
large terminal wirej of all the coils can be dipped into them, or 
withdrawn easily. 

The rest of the arrangement is purely mechanical. The required 
motions are taken from any first mover, usually a steam engine. 
The previously described arrangement being complete, a chain of 
buckets is so contrived as to carry up and discharge over the top of 
the magnets a quantity of the mixed metallic particles : most of the 
iron adheres to the magnets, while the so far purified brass falls into 
a dish or tray placed beneath to receive it. This latter is also one 
of a chain of dishes, the horizontal motion of which is so regulated 
that the interval between two dishes is immediately under the mag- 
nets, in the interval of time between two successive discharges of 
the mixed particles on the bars. 

At this juncture the communication between the galvanic battery 
and the magnets is interrupted by withdrawing the wires from the 
cups of mercury, and the result is, that the greatest part of the ad- 
hering iron drops off and falls in the space between the two dishes. 
The next dish now comes under the magnets, the communication is 
restored, and a fresh discharge from the buckets takes place, and 
so the process is continued. 

Some iron constantly adheres to the magnets, but this is found of 
no inconvenience as it bears but a small proportion to the total 
quantity separated. 

The author has had an imperfect apparatus of the sort above de- 
scribed at work for some time, and has found it to answer ; and 
suggests the application of electro-magnets for somewhat analogous 
objects in various manufactures. He particularly mentions needle 
and other dry grinding. 
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An Inquiry into the Possibility and Advantage of the Apidication of 

Magnetism as a Moving Powevy with Remarks on the Nature of 

Magnetism. By the Rev. James William M’Gauley. 

To consider with advantage the possibility of applying magnetism 
as a moving power, we must examine its nature and peculiar pro- 
perties, because otherwise we cannot pronounce with accuracy on the 
quantity at our command, or the probable cheapness of its produc- 
tion. In this inquiry the author does not contemplate such a power 
as that attained in magnetic rotations and similar mechanism ; it could 
never be advantageous ; for the force of the magnet is not directly 
applied, or is applied at such a distance as to be almost annihilated. 

The quantity of magnetism we may j^roditce seems to have no 
limit, since we can combine an}'^ number of powerful magnets. 

The (vconomy of magnetism. A very small electrical power, which 
may be produced if necessary by the agency of sea-water, will 
abundantly sutlicc. 

The obstacles likely to prevent the application of magnetism as 
a moving power. Of these the principal seems to consist in the 
disturbing inlluence wliich magnets of any pawer exercise over 
eacli other. I’liis prevents the necessary reversion of the j)olcs. 

Experiment 1st. The author tried to reverse the poles of one 
clectro-magnct in contact with another : the sudden rush of elec- 
tricity evidently caused a magnetic needle near the magnet to be af- 
fected, but there was no separation or repulsion of the magnets, nor 
any permanent change of polarity. — Experiment 2nd. The similar 
poles of two electro-magnets of very difterent power were brought 
together ; they attracted each other ; the poles of the smaller magnet 
were reversed by the larger, and a counter-current w'as formed 
through its battery, and indicated by a galvanometer placed in the 
circuit. —Experiment -^rd. Only one of the magnets was excited, 
then its ijoles reversed ; the other, acting as a keeper, w’as thrown 
off) and attracted with great violence. — Experiment 4th. Between 
two semicircular magnets A and B, a bar of soft 

3 iron, C, was suspended, and their poles reversed in 
such a manner alternately as to throw oft' the bar from 
one magnet and cause it to be attracted by the other. 
— ^ magnetized steel was 

placed bctw’ccn the magnets ; but the eft'ect was not so powerful, 
since the iron bar became by induction a stronger magnet than the 
steel, and hence the mutual actions of the iron bar and the magnets 
was more powerful. 

The very limited space within which magnetic action is confined 
presents a very considerable obstacle. Tiie power is inversely as 
the square of the distance ; at the eighth of an inch the power even 
of a large magnet is comparatively trifling. The stroke of one eighth 
of an inch, directly applied to machinery, would be nothing : we must 
increase the stroke, and at’the same time diminish the power as little 
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as possible. If we increase tl!|pRoke, by increasing the distance 
between the bar and the magnets, we diminish the power inversely 
as the square of the distance ; if by applying the power of the mag- 
net at the shorter arm of a lever, we diminish only in the inverse 
ratio of the distance : thus, if it is wanted to increase the stroke 
twelve times, the power in one case with the smaller distance, is to 
the power in the other with the larger distance, as the square of 
the larger is to the square of the smaller, as 12^:1^:: 144: 1, 
With a lever, the power with the smaller distance is to the power 
with the larger as* the distance in the latter case is to the distance 
in tlie former, : : 12 : 1. The power in any case is much diminished ; 
but as we can create it in any quantity, this is of little consequence. 
The repulsion of the magnet for the bar, though considerable, is 
much less tlian its attraction. 

'J’lie construction of the machine by which Mr. M’Gauley has 
exemplified the application of magnetism as a moving power is 
easily conceived. An oaken frame supports two magnets, A and B, 
horizontally. The bar P K, fixed in a strong pen- 
dulum of wood, of which S is a horizontal section, 
swinging on steel knife-edges, vibrates between the 
magnets, and lias attached to its lower extremity a 
rod connected with the reversing apparatus and 
any other required machinery. The poles of the 
magnets are simultaneously reversed, and the has 
driven with great force from one to the other, and with a ve- 
locity of two or three hundred vibrations in a minute. The ap- 
paratus for reversing the poles is simple, and can be adapted almost 
without increasing its weight to any combination of magnets. Let 
A B represent the axis upon which the wures w w and 




iv\ crossing each other under it, are turned ; these dip into 
cups of mercury, c and c', connected with eacli other by the 
wire Q, and with the zinc plate of the battery by the wire P ; and 
into the cups c'' and connected with each other by the wire X, 
and with the copper of the battery by the wire D. ww and w* are 
connected with the cups V and R by the wires K and N, and with 
the poles of an electro-magnet M by the wires S and T. T'lie wires 
K and N rise in the cups of mercury V and R, but do not leave the 
mercury. Let us suppose, as in the figure, the wires w w and w' 
to dip into the cups c we shall trace the electricity. It flow<^ 
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from the copper of the battery WBng D to along X to c'', along 
N to R, along T to S, where it enters one pole of the magnet M. 
Now, let the wires ?v w and n»^ have turned a little on their axis 
A B, so as to dip respectively into d and The electricity flows 
from F along D to c''', along w w», crossing the axis A B, along K, 
to V, along S, and enters the magnet at N, before it entered at S ; 
hence the current is inverted and the poles reversed. 

The machine can be stopped or set in motion in a moment by lift- 
ing or replacing any of the wires forming the galvanic circuit. 
Tf its motion be interrupted its power is not wasted as in other ma- 
chinery, but is accumulating ; so that when it again works, it acts with 
increased power and velocity. AVe can continue the most perfectly 
uniform motion for any length of time by allowing additional fluid 
to drop very gradually into the copper of the battery; tlic one cop- 
per will answer for any number of magnets. If the zinc plates he 
separate, by insulating these plates with flannel bags we greatly in- 
crease tile power and add to the duration of the galvanic effect. 

Mr. M’Gauley has endeavoured to examine the relative lifting 
power of magnets of various forms. 'J'he following are some of the 
results : 

The Iron. Three helices of the same wire, each 22 feet in length 
w'ere coiled on three different niagnctSf and the same battery was 
used. 

lb- oz. 

Magnet No. 1. In length 28 inches, diani. 2 inches, power G 8 

o. 8 i 11 11 

3. A magnet having knobs, B and C each 
l^V inches in length, diameter 1 inch, 
and connected by an arm H by the 
wire coiled on the knobs, with connect- 
ing spiral ; power - - - 2 4 

It was found on another occasion that wlien the helix did not bear 
so great a disproportion to the iron, the power of the larger magnet 
was comparatively very great. To learn the best size for the iron 
bar suspended in the pendulum of the machine, three forms of keeper 
were tried. 


No. 1. 54 long, thick, 4 wide; power 4 0 

2. 5+4 !4 4 3 8 

3 . 54 U 4 7 8 


The large magnet would not lift a steel needle, but lifted a wire of 
soft iron equal in size to the needle. Perhaps the intensity of the 
magnetism, though its sum was nearly equal with the same coil, 
was smaller when diffused through the particles of the larger mag- 
get, and was unable to disturb the magnetic equilibrium of the steel 
needle. 
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The Battery. The magnet designated above as No. 2. was tried 
with a battery : 

2b. oz. 

No. 1. Double cell, each 1 foot square ; power IT 11 

1 foot by 6 inches 6 11 

3. Single cell, 3 inches by 2-f 0 8 

4 . 1 inch square 0 2 

Same magnet with single cell of battery No. 2, and charged with 

No. 1. 1 part sulphuric acid, 50 parts water ; power. ... 5 0 

2. 1 nitric acid, 50 .... 3 8 

The spark with these charges was at first very brilliant, but the 
effect was transitory. 

No. 3. Diluted alcohol, 10 parts in 100 ; power 0 4 

4. 2 parts sulph. acid, 1 nitric acid, 100 water .... 11 10 

5. i part 2 100 .... 4 0 

No. 4. was tried with a helix interposed between the po- 
sitive pole of the battery and the magnet. The lifting 
power w as 1 0 

Another magnet being interposed, power 3 0 

Wlicn No. 4 was exhausted, so that it w’ould lift only 1 
pound, its zinc plate was raised out of the fluid and re- 
placed ; this increased the power to 2 8 

When No. 1 would lift only 1 pound its fluid was poured 

into its other cell, and the power became 5 9 

8 pairs of plates in Cruikshank^s battery caused magnet 

No. 4 to lift 5 8 

A calorimotor of equal surface, charged with a similar fluid 11 10 


Perhaps tlie increased tension of the electricity might be found of 
advantage when the helix is of great length. 

In speaking of the charge, the author remarks that he is fully 
persuaded of the necessity of decomposition for the production of 
galvanic effect. A deflexion of 15^ and more has. been produced 
in a galvanometer of great delicacy, which he constructed by merely 
uniting, by a single corner of each, two tarnished pieces of metal, the 
one zinc, the other copper ; the imperceptible perspiration of the hand 
may have acted as a fluid, and some foreign substance deposited on 
cither or both metals have aided the decomposition. 

The Helix. Four magnets with different helices were used with 
the same battery. 

Magnet No. 1. 8 inches long, \ diam., coil 74 yards, power 11 0 


2, 4 Q 0 

3. That with knobs already mentioned, coiled 

with 74 yards of wire • 2 5 

Coiled with ribbon of copper on the knobs • . 0 2 


Five magnets, each 8 inches long and i diameter, were coiled 
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with yards of wirCi and the same battery was used with each 


magnet. 

No. 1. The wire was coiled only on the ends, and crossed 

straight from one pole to the other 1 0 

2. Wire coiled on the ends, but connected by a spiral 

round the magnet 11 0 

3. Wire divided, and each half placed as a helix on 

one end of the magnet G 0 

Wire coiled equally over the whole magnet 7 0 

5. Wire divided into 4 equal parts, each coiled on one 

fourth of tlic magnet 5 0 

C) yards of wire were coiled on a magnet 74- inches 

long, ‘i- square 7 0 

yard of wire were coiled on a magnet 7^ inches 

long, 4- square 3 0 


Hence the power of the magnet increases far more rapidly than pro- 
portionately with its size. 

Ixcmarks on the Nature of Magnetism. The author in this part 
of his paper discusses the prevalent theories of magnetism, and 
compares them with a variety of experiments corresponding to the 
analysis which he presents of the subject. It would be nearly 
impracticable to do justice to Mr. M’GauIey^s views on the nature 
of magnetism in the compass of an abstract. TJic following brief 
notice will serve to convey some idea of his mode of reasoning. 

Magnetism does not arise from the circulation of electrical cur- 
rents, but from the electrical excitation of the mass or the particles 
in the magnet : not from currents, because it can begin to exist 
without them, can continue to exist without them, and because cur- 
rents can be generated in conducting substances of sufficient quan- 
tity, velocity and intensity, without the development of magnetism. 
Magnetism is mere electrical excitation, provided that by mere elec- 
trical excitation we can cause its existence, and its various pha>no- 
mena are such as we should expect from mere electrical excitement ; 
and provided not electrical currents but electricity at rest be always 
coexistent with it. Such, the author contends, are the facts, and he 
proceeds to prove his position by appropriate experiments. 

He then offers explanations in agreement with these view's of se- 
veral leading phienomena, as terrestrial induction, the mutual at- 
traction of conjunctive wires, the position of the poles, of a perma- 
nent magnet, and of an electro-magnet, the retention of magnetism 
in steel, the destruction of magnetism by heat, the development of 
it by , percussion, cS:c. He finally observes : 

If magnetism be merely electrical excitation it is probable that, 
cheap as their production is at present, a more ccconomical mode of 
forming pow'erful magnets may yet be discovered. Though it may 
he said that magnetism is not now for the first time applied to ma- 
chinery, the author believes it will be acknowledged that the attempt 
to apply magnetism to machinery, as an advantageous and a powerful 
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agent, has been totally unsuccessful. In the experiment brought 
under the notice of the Section, the velocity with which the poles of 
any number of magnets are reversed is inconceivable, and the whole 
lifting power is applied with the greatest possible advantage directly 
to the mechanism ; circumstances which appear to justify the au- 
thor’s expectation that the application of magnetism to machinery, as 
a moving power, will ultimately be successful. 

Description of a New Dipping Needle. By E. W. Fox. 

[A description of this instrument has been already printed by the 
author.] 

A])stract of llansteen’s Researches in Magnetism. By Capt. 
Sabine. 

[This paper will be printed in the next volume of Transactions.] 

Account of Magnetic Observations in Ireland. By Capt. Sabine 
and IVof. Lloyd ; communicated by the latter. 

[This will be printed in the next volume of Transactions.] 

Results of three years and a half hourly Observations with the 
Thermometer at Plymouth. By W. Snow Harris. 

[Tliis Paper will be printed in the next volume of Transactions.] 

On the Measurement of Heights h\j common Thermometers, By 
Licut.-Col. Sykes. 

The tlicrmometric instrument for measuring heights invented by 
the late Rev. F. J. II. Wollaston, though very sensible, has been found 
by the author and Mr. James Prinsep of Calcutta too fragile and too 
expensive for rough work. After the destruction of three of these in- 
struments, Col. Sykes had recourse to common thermometers, which, 
with certain precautions, he found to answer extremely well, and 
having tested their indications by contemporaneous barometrical ob^ 
servations, he was enabled to present a table of comparative results. 
The thermometer to be observed w'as uniformly kept in the water, 
which was made to boil violently, about 2 inches above the bottom of 
the pot ; two thermometers were successively employed, the differ- 
ence of their scales being known ; different tables of the elastic force 
of steam were employed in the reduction ; and from the whole of 
the results the author has collected a few into a table, calculated 
to show the limits of error, of therraometric measures of heights 
in India, when the boiling temperature of the level of the sea is 
assumed to he constantly 212*^; of single barometrical observa- 
tions, when the pressure at the level of the sea is assumed to he 
30,000 inches, (mean temperature in both cases 82°;) and of corre- 
spending barometrical observations. The general agreement of all 
the results, by whatever method obtained, is remarkable, and is con- 
sidered by Col. Sykes as justifying his opinion that common thermo- 
meters may be satisfactorily used to supply the place of barometers 
in measuring heights, where great accuracy is not required. 
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r Highest point, Hill Fort ot \ 
\ Poorundhur ,j 

Singhur Hill Fort 

Temple at Becma Shunkur 

Karleh, or Car lee Cave Temple.. 

f Highest point of Poorun-\ 
\ dhur above Poona j 

Part on the Tail River, 

f Temple in the Hill Fort of\ 
\ Hureechundurghur / 

f Source of Kristna River at T 

\ Ifahabulcshvrur j 

Pokree 

Kullmnb, on Goreh River 

Poona, Hay Cottage..., 

Downde, on the Beema River 

Sesswur, above Poona 

1 

I li 

a » s j -1 < 1 j ii 

a 2 ^J«s=:gl^ : sa. 


t The heights most rclieU U£)oii, * Boiling temperatures determined by Dr. WaUcer. 



TRANSACTIONS OF THE SECTIONS. 




Results of a Third Series of Experiments on the Quantities of Rain 

received at different Heights in the Atmosphere. By W. Gray, 

Jun. and Prof. Phillips. % 

[This Paper will be printed in the next volume of Transactions.] 

Dr. Apjohn explained the substance of two papers recently read 
by him before the Royal Irish Academy, and which have within a 
few days appeared in the last part of their Transactions. In the first 
of these papers a formula is investigated for pointing out what has 
long been considered a desideratum in meteorology, namely, the ex- 
act relation between the indications of the wet-bulb thermometer 
and the corresponding dew-points ; while, in the second, a number of 
experiments are detailed, instituted for the purpose of testing its ac- 
curacy, and which seemed to prove that the formula represented 
observations with an extreme precision. The following is an out- 
line of his communication, which was made orally to this Section. 

When the wet thermometer attains its stationary temperature, 
the caloric which it loses and acquires in a given time are obviously 
equal. The latter is that imparted by the surrounding air to the 
instrument in cooling through t — ^ degrees, and the former that 

which constitutes the caloric of elasticity of the vapour formed. Now 
if m be the amount of moisture wdiich a given weight of air is ca- 
pable* when saturated, of containing at the temperature and m' the 
quantity of vapour w hich would be formed at the same temperature 
by the caloric evolved from the air in cooling through t ^ z=zd 
degrees, then the relation in question is expressed by the equation 

in which is the tension of vapour at the dew- 
point, and y' its tension at the temperature of the wet-bulb thermo- 
meter. This expression is rigorously exact, for in arriving at it we 
merely assume what must at once be conceded, namely, that the air 
which is cooled by contact v/ith the moist bulb becomes saturated 
with moisture at the temperature t\ and that tlie tension of vapour 
at a given volume and a given temperature is directly proportional 
to its quantity or specific gravity. But the value of m is easily as- 
signed by aid of the theory of mixed gases and vapours, and that of 
w! also admits of being readily deduced from the known values of 
the specific heat of air and the caloric of elasticity of vapour. When 
this is done, and the proper substitutions made, the above expression 

is converted *into the following : ^ ^ 35* 

To this solution of the dew-point problem it may be objected that 
the coefficient which is set down as -bV cannot be constant, in as 
much as its value depends upon the latent he!it of aqueous vapour 
and the specific heat of the medium which encompasses the wet* 
thermometer, both of which vary, the former with the temperature, 
and the latter with the pressure and the amount of vapour present 
in the air. Sucli objection is theoretically just, and the necessary 
corrections have therefore been investigated by the author in his 
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original paper, and may be applied if deemed necessary. Experience 
however lias satisfied him that, generally speaking, they may be neg- 
lected, as in almost every instance their amount is considerably 
within the inevitable errors of observation. 

The experiments instituted for the purpose of testing the formula, 
and which are detailed in the author’s second paper, were next ex- 
plained. The principle of the first of these is as follows : if air, in 
reference to which /, and (the dew-point) have been accurately 
noted, be raised to any elevated temperature, and the observation be 
repeated in the heated air as far as respects t and we shall have 
two separate sets of observations from which to calculate the point 
of deposition; and as the amount of moisture in the air is not altered 
by the augmentation of temperature it has experienced, both calcu- 
lations, provided the formula be correct, should give precisely the 
same result, i. e, the dew-point in the first instance determined by 
observation. Four distinct series of experiments on this plan were 
performed by means of a very simple apparatus, and though the de- 
pressions varied from 4®'7 to the calculated dew-points for 

each series were found almost coincident, and the differences between 
these and the observed dew-points w’erc so trifling in amount as to 
be clearly ascribable to unavoidable inaccuracy of observation. 

The next test experiments performed were suggested by the for- 
d p 

mula itself. If/^' ^ x ^9 and be supposed equal to 

0, a condition which can only be fulfilled in perfectly dry air, 

X an equation from which we deduce d =87/' x — • 

FIcnee by determining experimentally the depression of the wet 
thermometer in perfectly dry air we shall be enabled to pronounce 
upon the validity of the general method under discussion. In order 
to observe several values of d, air forced from a caoutchouc bag 
was made to pass three times through about two inches of oil of 
vitriol, and then to traverse a tube containing the dry and wet ther- 
mometer, and the indications of these instruments were noted down 
as soon as the latter assumed its stationary temperature. Of nine- 
teen observations of depression thus obtained, eleven were a little 
greater, and eight a little less than the calculated results. The mean of 
the plus errors of the formula was ’28, and of the minus errors *4 of a 
•og — *40 

deirree, so that tt; =; — ‘OOG is the mean difference between 

experiment and calculation deducible from the whole. This sin- 
gularly close correspondence of theory with experiment is the more 
satisfactory because as the mean pressure for the nineteen experi- 
ments was" but a little over 30, and as the air was perfectly dry, nei- 
*thcr of the corrections, of which mention has been already made, re- 
quired to be applied. 

The most obvious method of testing the formula, or that which 
consists in comparing its results with the dew-points experimentally 
determined, was last noticed. That such criterion may be decisive, 
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it is necessary, 1st, that the depressions be considerable in amount ; 
2nd, that the dew-points be accurately known. Now neither of 
these conditions is fulfilled by the few registers which have been 
published, the depressions being small, and the observations made 
with an instrument (Daniell's hygrometer), the difficulty of observing 
with which is universally admitted. It occurred, however, to the au- 
thor, that both difficulties might be overcome in the following sim- 
ple manner ; let air saturated with moisture, and whose temperature 
is therefore its dew-point, be heated, and let the temperature of the 
heated air be taken, as also that shown by a wet thermometer sub- 
jected to the action of a current of it. Then, by the application of 
the formula, let the dew-point belonging to the two latter observa- 
tions be calculated, and from a comparison of it with the original 
temperature of the air, when saturated with humidity, he expected to 
be enabled to pronounce with confidence upon the value of his me- 
thod. Twenty-four distinct observations were thus made, the tabu- 
lated resulis of which justify the following conclusions : 1st, that 
in the case of seven of them the observed and calculated dew-points 
arc almost coincident ; 2nd, that the difference in no instance ex- 
ceeds, and in but one instance reaches, one degree ; Srd, that the 
mean difference ueducible from the whole is but *35, or about one 
third of a degree of Fahrenheit. 

At tlie close of this paper two tables are given by the aid of which 
the application of the formula is rendered extremely simple and ex- 
peditious. 


On a New Anemometer, By the Rev, W. Whew'ell. 

Tlie author described the construction and purpose of an anemo- 
meter which he exliibitecl. The object of the instrument is to ob- 
tain a record of the total amount of the aerial current which passes 
the place of obtervation in each direction. The assemblage of such 
records for any given time will exhibit a tijjie of the course of the 
W’ind for such time ; the mean of such records at the same place for 
different years will exhibit the annual Ujpc of the winds for that 
place, and the comparison of the types of the winds for many dif- 
ferent places will throw light upon the general annual movement of 
the atmosphere. Some of these instruments are now in course of 
construction, with a view to their being tried in different places, and 
it is hoped that some account of their working may be produced at 
the next Mcetini? of the Association. 


Account of the Measurement of the Aberdeen Standard Scale, 
By Francis Daily. 

[This Paper will be printed in the next volume of Transactions.] 
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CHEMISTRY. — ELECTRICITY. 

On the Specific Heats of the permanently elastic Fluids. By 

James Apjtohn, Af.Z)., Professor of Chemistry in the Royal Col* 
Surgeons, Ireland. 

After an introductory view of the state of knowledge on this sub- 
ject, Dr. Apjohn proceeded to explain the principle of an entirely 
new method which he was enabled to apply to the investigation of 
the difficult problem under consideration, in consequence of having 
been recently fortunate enough to arrive^ at a formula which ex- 
presses, w'ith extreme and unexpected precision, the relation exist- 
ing between the indications of a wet-bulb thermometer and the cor- 
responding dew-points. This formula^ (see Proceedings of Ma- 
thematical and Physical Section, p. 27,) being equally true of all 
gases, obviously suggests a method of comparing their specific 
heats. For as in the case of every gas it may be deduced that 

(ft 30 

— li-JL X~, it is clear that if we determine values of /" 
48d p ^ ^ 

and d in different elastic media, we shall have data for ascertaining 
their relative capacities for caloric. Such a method, however, though 
theoretically exact, is beset with difficulties so great that it may be 
considered as practically impossible. The artificial gases, as usually 
collected, are saturated with moisture, a state in which they are 
quite unsiiited for the necessary experiments ; and even though this 
difficulty were overcome, it would probably be impossible to deter- 
mine their dew-points by direct experiment. 

If, however, >ve suppose that /"=:0, or that the gas is perfectly 

dry, the above value of a will become X an expression in- 

48 a 

volving no unknown quantities but /' and d, and which will there- 
fore enable us to calculate the specific beat of a gas^when we have 
observed tlie stationary temperature t\ to which, when in a state of 
perfect desiccation, it brings the wet-bulb thermometer. In order 
to the determination of t', and of t^t*^d, the following method of 
experimenting was, after a trial of several others, finally adopted. 
Into a bent tube, abed c, about 50 inches long, and -i^Vths of an 
inch in diameter, oil of vitriol was poured to the height marked by 
the horizontal line x y, and to one extremity of this siphon a pair 
of bladders furnished with stopcocks were attached, through the 
intervention of a three-armed copper pipe, while to the other ex- 
tremity of the apparatus there w%as connected by a caoutchouc collar 
glass tube carrying the dry thermometer D, and wet one W. 

* in which /" is the clastic force of vapour at the 

dew-point; f its clastic force at the temperature shown hy the wet ther- 
mometer ; d the difference between the latter temperature, and t that of the 
air ; a the specific heat of air ; and e the caloric of elasticity of the vapour 
of water whose elastic force or tension is represented by/'. 
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Matters being thus arranged, an assistant pressed, by means of a 
deal board, first upon the bladder A, containing atmospherical air, 



and, wlien it was exhausted, upon the bladder G, containing the gas 
whicli was the immediate subject of experiment. The air, in pass- 
ing througli the oil of vitriol, was deprived of its vapour, and in 
subsequently traversing the tube containing the thermometers, pro- 
duced in the wet one such a reduction of temperature, that, upon 
continuing the experiment as rapidly as possible with the gasy the 
wet thermometer soon acquired a stationary temperature, — which, 
when attained, was, as well as the indication of the dry instrument, 
carefully noted. The residual gas was now passed into a glass jar 
on the mercurial trough, wdth a view to a subsequent analysis ; and 
both bladders being refilled with atmospherical air alone, a second 
experiment was performed precisely as just described. 

From the values o£ tO V obtained in the first experiment, w^e ob- 
tain, by aid of the equation specific heat of the 

clastic fluid which w^as made to traverse the apparatus. But this 
result belongs not to the pure gas, but to a mixture of it with a cer- 
tain quantity of atmospheric air, which entered the bladder upon 
the principle of endosmose ; and to infer from it the specific heat of 
the pure gas, which we shall call or, it was necessary to know, Isl^ 
the amount of air present, and i2nd, its specific lieat. Now the for- 
mer of these data was given by the analysis of the residual gas, as 
already mentioned, and the latter by the results of the second expe- 
riment above recorded, in which both bladders were occupied by 
air alone. If x be the specific heat, and s the specific gravity of 
the gas, n the per centage of air, c its specific heat, and a the spe- 
cific heat of the mixture of air and gas, as already determined, we 
shall, on the principle that the specific heat of a mixture multiplied 
by its weight is equal to the sum of the products of the weights of 
the gases mixed multi plied by their respective specific heats, have 
;c(l00*-w)^+»c = a(100— w^+«),anequationfrom which we de- 
duce X = a A — . This is the specific heat of the pure gas 
(100— w) 5 ^ r s 

in reference to that of air, as determined by the second of the above 
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experiments; and as both air and gas are dry, and must have been, 
with at least a very high degree of probability, proportionally af- 
fected by variations of pressure, the precise influence of these, about 
which, indeed, philosophers are not agreed, do not require to be 
taken into consideration ; nor is there anything further necessary 
for rendering the result thus obtained strictly comparable with 
those of other experimenters, than to reduce it, by the rule of three, 
to what it would be if the specific heat of air were ’267, the num- 
ber by which it is usually represented in books at a mean altitude 
of the barometer. The following experiments on air and hydrogen, 
performed on the 4th of August, will illustrate the preceding de- 
scription. 

t i d jy 

Hydrogen G8 48 20 30*114 

Air G8 43 25 30*114 


By applying 


to these results the equation a = 


fc 30 

X — , we get 
48 d p 


Specific heat of air =*27G7 

Approximate specific heat of hydrogen . =*4002 
But the gas, upon analysis, was found to contain 5 per cent, of air. 
Hence the specific heat of the liydrogen supposed pure as deduced 

from the equation a: z= a -j — becomes *5097. And ‘2767 : 

•5097 : : *2670 ^ *4914 = the specific heat of hydrogen compared to 
that of air under a pressure of 30, — wlien water is represented by 
unity, or, what amounts to the same, when air is *207. 

The following table exhibits the results thus obtained ; — referred 
to air as the standard, the number for nitrogen being the mean of 
two ; that for hydrogen of four ; that for carbonic oxide of three ; 
that for carbonic acid of three ; and that for nitrous oxide of two 
experiments. 



Specific II<‘ats of 
equal volumes. 

specific Gravities. 

Specific I feats of 
equal weigiits. 

... . ♦ 

Air 

1*0000 

1*0000 

1-0000 

Nitrogen 

•.9G13 

•9722 

•9887 

Hydrogen 

•1315 

•0G94 

1*8948 

Carbonic oxide. . . • 

1‘0508 

•9722 

1*0808 

Carbonic acid 

l‘GG77 

1*5277 

1-091G 

Nitrous oxide 

1*7802 

i 1*5277 

1*1652 


A bare inspection of this table would seem to justify the conclusion 
that, with a single exception, the different gases operated with have, 
under equal volumes, specific heats proportional to their specific gra- 
vities ; and of course that, under equal 'weights, they have the same 
specific heat. In the excepted case, that of hydrogen, the specifics 
heat is nearly the double of that which would result from this law. 
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On the absence of Magnetism in Cast Iron when in fusion. By 
R. W. Fox. 

In the course of some magnetic experiments, it appeared to tlie 
author desirable to ascertain whether a magnetic needle is acted 
upon by cast iron in a state of fusion. For this purpose he had a 
horizontal mould made in sand, about five feet long and two indies 
square, in tlie direction of the magnetic meridian ; and at a very 
small distance from its northern extremity, and parallel to it, he 
placed the south pole of a delicately poised magnetic needle, the 
north pole of which extended beyond the mould. The latter was 
then filled with very fluid melted iron, but not the slightest eftbet 
was produced on the needle till after the metal had become fixed 
and cooled down to a cherry-red colour. The needle was then very 
suddenly attracted with great energy. Sand and a copper plate 
were employed to protect it from the hot iron. 

This experiment may perhaps be considered by those who advo- 
cate the existence of a high temperature in the interior of the earth, 
as tending to strengthen the arguments in favour of the agency of 
electricity in producing terrestrial magnetism, seeing that intense 
heat and fixed magnetism, in the ordinary acceptation of the term, 
cannot, apparently, exist together.* 


On Electric Currents passin^through Platinum Wire, William 
Barker, M.D. 

When the large deflagrating battery wasMised on two occasions 
in the Chemical School of Trinity College, Mr. Barker observed that 
on passing the current of electricity throu0i a piece of platina wire, 
about three feet in length, and igniting it, there were dark portions 
of the wire of about 4* or ^ an inch in length at intervals of from 
three to four inches in its whole length, the same parts of the wire 
being in the same condition during the time that the wire remained 
ignited. The author w’as unable at the time, owing to the number 
of experiments to be tried with the battery, to take any measure- 
ments or to examine whether wires of different diameters were dif- 
ferently affected. The fact was stated for the consideration of the 
Section, reserving for further examination* the law by which the di- 
stances and dimensions of these unignited portions of the electrified 
wire are governed, whether their distances are constant, or vary ac- 
cording to the size and material of the wire employed or the quan- 
tity or intensity of the galvanic currents. 

^ ♦ [Mr. Peter Barlow had shown, many years since, that all magnetic ac- 
tion was lost by iron when raised to a white heat. Sec Phil. Trans. 1822, or 
Phil. Mag., first series, vol. Ix. p. 345.] 

D 
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An Account of some Experiments recently made on the Buoys in 
Kingstown Harbour t with a view to protect from the action of Sea 
Water the Metals^ and especially the Iron-work^ attached to 
them. By Edmund Davy, FJLS.y M,RJ,A», Professor of 

Chemistry to the Royal Dublin Society. 

Last year an enlightened member of the Royal Dublin Society, 
Mr. John M’Mahon, made the author acquainted with tlie fact that 
the iron-work attached to the new buoys lately put down in Kings- 
town Harbour had undergone a very rapid corrosion by the action 
of sea-water on it; and shortly after, the Commissioners of Public 
Wopks acting as Commissioners of Kingstown Harbour directed 
his attention to the subject, with the view of ascertaining the cause 
of such corrosion, and tlie means of prevention. 

TJie newbuo3's* are precisely similar to the buoys, of the most 
approved construction, now used in Portsmouth Har])our. The 
whole surface of each buoy is sheathed with copper, except the bot- 
tom and about three inclines of the smaller end, which is covered 
with lead, fastened to the copper by metal nails. A bolt passes 
through the whole length of tlie buoy, and is terminated at each end 
by a shackle. The lower shackle has a bridle patent ciiain fastened 
to it by means of a bolt and a thin pin called a forelock^ which is 
such an important part that on its jireservation mainly depends the 
security of the ships moored to the buoyt* The bridle chain is se- 
cured to a larger chain-cable and moorings, by means of shackles, 
bolts, and forelocks. Tlie forelocks require to be examined about 
once a year, and replaced if defective. The bolt, shackles, chains, 
and forelocks are all ofj+he best wrought iron. 

On examining the bj^jiys the author found all the 'iron-work at 
and near their bottoms • Ty much corroded ; and the corrosion ap- 
peared to be most consiturable on the iron in the immediate vicinity 
of the lead, where it was about one eighth of an inch deep, and the 
metal was so much indented as to exhibit a coarse fibrous structure. 
So rapidly had the iron-work corroded in about six months, that 
had it continued at the same rate for two years the buoys (in the 
opinion of competentjudges) w^ould have been quite unfit for the public 
service. The copper and lead attached to the buoys were in a good 
state of preservation. 

The extraordinary corrosion bf the iron-work appeared to be due 
to an electrical action pi*bduced'in sea water by the contact of the 
iron witli the lead joined to the copper, on the buoys ; these metals 
being preserved at the expense of the iron. The author submitifed 
bis views on the subject to the Commissioners, and suggested the 
propriety of removing a circle of about three or four inches of lead 

♦ The author exhibited a drawing of one of these buoys, 
t Some years since the Lord Lieutenant’s yacht broke from ber mooriB» 
in Kingstown Harbour in consequence of the defective state of the forelock 
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from the iron-work at the bottom of each buoy, and of driving two 
or three short large-headed iron nails through the^remaining lead 
into the wood, in order to protect both the lead and copper covering 
of the buoys from corrosion. These suggestions being promptly car- 
ried into effect, the author has during the last twelve months had 
frequent opportunities of examining the state of the iron-work at- 
tached to, and in the immediate vicinity of, the buoys, and he states 
that the removal of the lead has put a stop to the very rapid corro- 
sion of the iron-work. 

The action of sea-water on iron, under ordinary circumstances, 
is, as is well known, by no means inconsiderable. The author 
found that a piece of iron chain weighing 14 pounds 5 ounces, when 
exposed for ^4 hours in 5^ quarts of sea-water, lost 70 grains, and 
in a few days upwards of a quarter of an ounce : these facts led him 
to think it both desirable and practicable to coat the iron- work of 
the buoys, & c. with a varnish or japan wdiich should be impervious 
to sea-water : and at the request of the Commissioners he made 
many experiments, using different varnishes and japans; but the 
results obtained were for the most part of a negative kind, owing not 
only to the action of soa-watcr on iron, but also to the constant fric- 
tion to wliicli the metal must be exposed, from the unceasing influ- 
ences of tides, winds, and the strains from ships. He lias hitherto 
found no varnisli or japan that he can recommend as a means of pre- 
venting, for any length of time, the ordinary corrosion or oxidation 
of iron in sea water. 

Tlie author made a number of experiments with a view to apply 
metallic protectors to the iron-work connected with the buoys, on 
the principle developed by the late Sir H. Davy. He found that 
when small ingots of zinc were attached to jleces of chain cable in 
sea-water, during several weeks, these lostMo weight, and the cor- 
rosion of the zinc w'as inconsiderable. HMcc it seemed obvious, 
that zinc will protect iron from corrosion |f sea-water. These re- 
sults were so satisfactory that the authorjfcecomniended the expe- 
riments to he tried on the buoys, and th^Commissioners immedi- 
ately requested him to carry the same mto eftect. He has had 
under a course of trial for several months, in contact with the iron- 
work at the bottom of each buoy, two zinc protectors, each of which 
is about 6 inches long and 4 inch wide, and ipighs about 8 ounces ; 
and on a recent examination, the irodhvork near the zinc exhibited 
a clean appearance. There is anotlA and a still more recent ap- 
plication of the zinc, which the aut^r thinks will be very beneficial 
in protecting a most important part of the iron- work already alluded 
to, namely, the forelock. Several of the forelocks have stout zinc 
rings cast into holes made in their heads, and on lately examining a 
forelock so protected for several weeks, it was found quite free from 
corrosion. 

The late Sir H. Davy referred the corrosion of copper in sea- 
virater to the agency of the oxygen of the air. The autlior from his 
experiments has obtained results which lead to the same conclusion 

D 2 
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viiih regard to iron. He found also that the corrosion of iron in 
sea-water is materially influenced by the depth of water in which 
the metal is immersed. He is of opinion that the wear of iron-work 
exposed to sea-water is more considerable the nearer the iron is to 
the surface or to the external air. The principal wear of the iron- 
work connected with the buoys seems to be at and within a few feet 
of the surface of the water ; and this portion of the iron may be 
protected b/*'attaching strong pieces of zinc to it. 

The corrosion of iron in sea- water, under ordinary circumstances, 
appears to arise from exposure of the water to the atmosphere, and 
the consequent gradual absorption of its oxygenous part. The 
protection of iron in sea-water by the contact of zinc seems due to 
a simple electrical action between the respective metals and the 
fluid ; water being decomposed, its hydrogen is evolved, its oxy- 
gen goes to the zinc, whilst the oxide of zinc as it forms seems to 
be deposited on the iron, at least in part. 

The author made a number of experiments to ascertain whether 
zinc would protect iron in sea- water if a very thin surface of glass, 
wood, paper, tow, &c. were severally interposed between those me- 
tals, but the results seemed clearly to prove that actual contact of 
the metals is indispensably necessary to that effect. 

Zinc will protect iron in fresh water. Tlie author has made ex- 
periments on this subject, and lias others still in progress ; the re- 
sults of which may admit of useful applications to valuable parts of 
machinery, &c. 

The author expressed his obligations to Mr. Hutcheson, the Har- 
bour-Master at Kingstown, for the kind and prompt assistance 
he afforded on every occasion, and for the interest he took in the 
progress of the experinients on the buoys, &c. 

On some recent Exper^ents made with a view to protect Tin Plate 
or tinned Iron from cef^^osion in Sea^water^ with some probable ap* 
plications; and on the^^hower of Zinc to protect other Metals from 
corrosion in the Atmosphere, By Edmund Davy, F,R,S,, 
M.R.I,A,f <^c., Professpr of Chemistry to the Royal Dublin So- 
ciety, 

# 

If a piece of tin plate is k ;posed in sea-water for a few days, it 
will exhibit an incipient oxiiintion, which will gradually increase ; 
the till will be preserved at th^iexpense of the iron, which will be 
corroded. But if a small surface of zinc is attached to a piece of 
tin plate and immersed in sea-water, both the tin and iron will be 
preserved, whilst the zinc will be oxidated, ♦ on the principle first 
made known by the late Sir H, Davy. 

The author has exposed for nearly eight months in sea-water a 
surface of tin plate nailed to a piece of wood by means of tinned iron 
tacks, inserting between the wood and the tin plate a small button 
of zinc. Under these circumstances the tin plate has remained 
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clean and free from corrosion ; the zinc has of course been corroded. 
In a comparative experiment, in which a similar piece of tin plate 
was nailed to the same piece of wood, and exposed during the same 
period to the same quantity of sea-water, without the zinc, the edges 
on two sides of the tin plate were quite soft from the corrosion, 
which had extended to about -ith of an inch. These experiments 
seem worthy of being repeated and extended. 

Tlie present demand for tin plate is very great ; should these 
statements be confirmed, a vast increase in its consumption might 
be anticipated. The opinion may be entertained that it is practi- 
cable to substitute double tin plate for sheet copper in covering 
the bottoms of ships, &c,, using zinc in small proportion as a pro- 
tector. Such applications tvould probably occasion a saving of 
nearly three fourths of the present expense of copper sheathing. 

It also seems deserving of inquiry whether tin plate vessels, pro- 
tected by zinc, may not be advantageously substituted for copper 
vessels in many of our arts and manufactures, and even in domestic 
ceconomy. Although it might be presumed from Sir H. Davy's ex- 
periments and observations^ that zinc would protect tin plate from 
corrosion in sea- water, the author is not aware that any direct ex- 
periments on the subject have been published. Sir H. Davy briefly 
refers to some obvious practical applications of his researches to the 
preservation of finely divided astronomical instruments of steel by 
iron or zinc ; and that Mr. Pepys had taken advantage of this last 
circumstance in inclosing fine cutting-instruments in handles or 
cases lined with zinc. The author has not heard whether such ap- 
plications have succeeded, but he has made a number of experiments 
with a view to protect brass, iron, copper, &:c. from tarnish and 
corrosion in the atmosphere by means of zi^ ; the results obtained, 
however, lead to the conclusion that contact^ith zinc will not protect 
those metals in the atmosphere, the electr Jty thus produced, with- 
out the intervention of a fluid, being app^pntly too feeble to coun- 
teract thecberaical action of air and moisr^e on the surfaces of these 
metals. 


On the C07n2mrative value of Irish «a y irginian Tobacco. By 
Edmund Davy, F./?. *9., M.R.l./m 8^c.^ P^'ofessor of Chemistry 
to the Royal Dublin Society. m 

In the year 1829-30 thecultiva»n of tobacco in Ireland excited 
much attention among agricultures, and- several hundred acres of 
it were raised in different counti^ ; in coRsequence, the attention of 
the Royal Dublin Society was directed to the subject, and the author 
was requested by a select committee of that body to institute ex- 
periments on tobacco with a view to determine some questions of a 

* Phil. Trans, vol. cxiv. for 1824; or Phil. Mag., first series, vol. Ixiv. 
pp. 30, 233 ; vol. Ixv. 203. 
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practical nature, as whether its root contained nicatin, and in what 
quantity, aiul to ascertain the comparative value of Irish and Vir- 
ginian tobacco. 

The author^s experiments were made on average samples of Vir- 
ginian and Irish tobacco ; for the former he was indebted to the 
kindness of Mr. Simon Foot, and for the latter to Messrs. Wild, 
Cuthbert, Calhvell, and Brodigan. From a number of experiments 
tlie author was led to conclude that the dried roots of Irish tobacco 
contain from four to five parts of nicotin in one hundred parts ; and 
that one pound of good Virginian tobacco is equivalent in value to 
about fil pounds of good Irish tobacco. 

After the aiitlior bad finished his experiments it was gratifying 
to him to be informed that some manufacturers estimate one pound 
of Virginian tobacco as equivalent in value to about two pounds 
of Irish. Hence there seems to be a pretty near coincidence be- 
tween their results and those derived from a chemical examination. 


On Nicotin ayid some of its Combinations, Bij Edmund Davy» 

F,R,S.^ Professor of Cheynistry to the Royal 

Dublin Society. 

When the author commenced Jiis experiments in 1S29 on Irish 
and Virginian tobacco, nearly all our knowledge of the peculiar 
principle in tobacco, called Nicotin by the late M. Vauquelin, was 
confined to his paper on tobacco*. By a series of processes in whicli 
the expressed juice of tobacco was reduced to one fourth of its 
bulk by evaporation, tlicn digested in alcohol, distilled, again con- 
centrated, dissolved in Jcohol, then evaporated to dryness, dissolved 
in water, saturated witlLiotash, and distilled to dryness, Vauquelin 
seems to have obtained fluid nearly approximating to the nicotin 
recently procured. \i^ 

In obtaining nicotin, tlii^ author avoided the circuitous processes 
of Vauquelin, and adopte^Nnly the simple method of exposing to- 
bacco to the action of a st^^^tion of potasli and subsequent distilla- 
tion. The alkali employetij. pas in some cases weak and in others 
strong. In some instances i.. was macerated on the tobacco for one 
or two days ; in others, it w* ' added to the tobacco in the retort 
and distilled at once. Other \ xed alkaline substances in solution, 
as soda, barytes, strontites, may be substituted for potash. 

Distillation was occasionally can^i^d on below, but in general at the 
boiling-point. Under such procured, 

on being rectified by a second distillation, is an aqueous solution of 
nicotin, having the following properties. It is colourless and trans- 
parent. Its odour closely resembles tUat of tobacco, but is far more 
pungent. Its taste is peculiar, and le^es a sharp biting impression 
on the tongue for some time. It changes turmeric paper to brown ; 


♦ A finales de Chimie, tome Ixxi. 
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but this effect is not permanent, but gradually disappears on expo« 
sure to the air. Its specific gravity (according to repeated trials 
made by two intelligent pupils of the author, Mr. Richard Austin 
and Mr. John Keogh, who assisted him in many of his experiments,) 
is about that of distilled water. It neutralizes the mineral and ve- 
getable acids, forming peculiar salts, some of which the author has 
obtained in a crystallized, and others in an imperfectly crystallized 
state. It undergoes no apparent change by being kept hi close 
vessels for a considerable length of time. It is volatile below the 
point of boiling water. It precipitates the greater number of metals 
from their solutions, as tliose of silver, mercury, tin, antimony, man- 
ganese, of a white colour ; iron of a green, cobalt of a pink, and 
gold and platina of a yellow colour. 

Salts of Nicot in , — A number of the salts of nicotin, as the nitrate, 
sulphate, &:c., crystallize in four- and six-sided prisms ; they are cha- 
racterized by having a sharp biting taste, analogous to that of aqueous 
nicotin : they are mostly soluble in water, and arc easily decomposed 
by a slight increase of temperature. The nitrate is so susceptible 
of change, that it seems to undergo an incipient decomposition w hen 
exposed in solution for a few hours, and assumes a reddish colour. 
The author’s experiments have led him to conclude that nicotin is 
composed of carbon, hydrogen, oxygen, and nitrogen, but he is 
not yet satisfied as to its exact constitution. He made some ex- 
periments to try tiie effects of aqueous nicotin on small fishes, flies, 
moths, spiders, &c. A few drops of it diffused in a tumbler of wa- 
ter strongly acted on the nervous system of small fishes, imme- 
diately conmiunicating to them an unusual but momentary energy, 
which was speedily followed by torpor. 

Butterflies, moths, spiders, were soon k’led by being brought in 
contact with a weak solution of nicotin. Aonimon flies resisted its 
action better than spiders, drones, bees, M wasps, and after immer- 
sion fora short time, again recovered on Ming exposed to the air for 
a few minutes, C'oinmon caterpillars ofWlarge size, on being taken 
from cabbages, and instantly put into a Bak solution of nicotin, ex- 
hibited some energy, but presently l:*arae insensible, and being 
considered as dead were suffered to rjfcin in the solution for about 
half an hour ; they were then removdKo fresh water, but exhibited 
not the slightest symptoms of life, Wt on being placed on a grass- 
plot near the house they all recov«ed, and were very active in the 
course of an hour. 

The author is of opinion thaj|lqueous nicotin may admit of 
number of useful applications, s«n preparing specimens of natural 
history for the museum, in preniting the destructive effects of the 
insect tribes tvhich infest planj^nd trees in gardens, conservatories, 
&c. And it seems highly m^able that the salts of nicotin will ad- 
mit of useful medicinal appRcations. 

After the author had ascertained the principal facts already stated 
respecting nicotin, he found that he had been anticipated ; be ob- 
served in the ‘ Quarterly Journal of Science, Literature, and Art,’ fcr 
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December 1 8^9, that MM« Posselt and Reimann had lately obtained 
a vegeto-alkali from tobacco, examined its properties, and combined 
it with a number of acids. But though those chemists are justly 
entitled to the merit of having first made known to the public an 
interesting series of facts resf^ecting nicotin, the author’s experiments 
may serve to corroborate their general results, and also throw addi- 
tional light on the subject. 


On a Fluid obtained in the manufacture of Puroxylic Spirit, 

By M. SCANLAN. 

The author has been for some time past engaged in the making 
of pyroxylic spirit, a fluid now extensively used in England (under 
the name of * Naphtha’) as a substitute for alcohol, principally by 
hat-manufacturers, for the purpose of dissolving shell lac and mastic 
to stiffen their hats and render them warcr-proof. 

In the process which Mr. Scanlan pursues, he obtains a fluid of 
a higher specific gravity, but having a lower boiling-point than py- 
roxylic spirit, and differing from it in other respects. 

Rough pyroligneous acid is submitted to distillation in a copper 
still, by the maker, in order to separate some of the tar it holds in 
solution ; he sets apart the first 15 per cent, tliat distils over, and 
this he sells as wood-spirit. This liquor, as it comes from the py- 
roligneous acid-makcr, contains much free acetic acid and tarry 
matter. 

The author proceeds to saturate the acetic acid by means of 
slacked lime, which causes the separation of some pitch. 

He next submits theU saturated liquor to distillation as long as 
the distilled product is a. Jess specific gravity than water. 

This last product is iV^ttified in a still somewhat on the plan of 
those for a long time in i on the Continent, and now coming into 
general use in this countru^^for the purpose of rectifying spirit. It 
consists of a boiler, contaiU^g the liquor submitted to distillation, 
and of a rectifier, which isT ^ fopper vessel of peculiar construction, 
placed in a bath of water, ’ch must be kept at such a temperature 
as w ill condense water, but retain the more volatile products in 
the state of vapour till they p . rs into the last part of the apparatus, 
where they are condensed and\ ^ally cooled. 

In this process of rectifyin^;^he author was a good deal sur- 
prised to find the product first c^^ensed had a higher specific gra- 
vity than that which succeeded in the distillation. The first 
being about *900, and the second ^hlow as *830 ; to this, if the di- 
stillation be pushed far enough, stik:eed water and an oil which 
becomes black by keeping. The fiuio^aving specific gravity *900, 
is a good deal coloured ; treated with ^imal charcoal its colour is 
removed ; rectified from a water-bath after treatment with animal 
charcoal, its specific gravity is *911, and its boiling-point about 
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In this state it is colourless and indammable : it has a powerful, 
and to most persons a very disagreeable smell. Caustic potash de- 
composes it instantly, acetate of potash being formed, and probably 
carj^onate of potash. Tt forms acetate of lime also when slacked lime 
is added to it. It softens copal, but dissolves very little of it. When 
diluted with water it does not comport itself as alcohol of the same 
specific gravity does ; 50 measures of it mixed with 50 of water at 
the temperature of 54 , were raised in temperature to 61 , and a con- 
siderable quantity of air was extricated ; the mixture brought again 
to the temperature of 54 , measured but 96 ’5 measures, and its spe- 
cific gravity was * 9861 . Alcohol diluted so as to have specific gra- 
vity * 911 , when similarly treated, measured 9 8, and its specific gravity 
was * 9659 . 

Litmus-paper immersed in it is not reddenei 
to the air the fluid evaporates and leaves 
red. 

It mixes with water in every proportion, and^Rer may be sepa- 
rated from it by means of carbonate of potash as from dilute alcohol, 
which is not the case with pyroxylic spirit. 


iened*, bu 

# 
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On the Chemical Constitution of Fossil Scales^ as illustrative of the 
nature of the Animals from which they have been derived. By 
Arthuh Connell. 

The difficulty of determining merely from external characters 
whether a fossil scale has belonged to a fish or to a saurian animal, 
and the geological interest which l^at prolJem frequently possesses, 
render it desirable to know whether chen J|:al means are capable of 
solving it. m 

Mr. Hatchett ascertained that the sca^ of recent reptiles consist 
chiefly of a horny substance, whilst tho^of fish contain a consider- 
able proportion of phosphate of lime, ? J are of the nature of bone. 
Chevreul confirmed his observation a?™ fish-scales ; and the author 
has found that the scales of small reamt crocodiles contained little 
more than one per cent, of incombusjBle earthy matter, although in 
the carinated dorsal scales the amovM extended to about 3 per cent. 
When fish-scales are fossilized we nJy therefore expect that the bone- 
earth will remain, and the perisha wanimal substance will either dis- 
appear without any substitution,^be wholly or in part replaced by 
siliceous or calcareous matter; «lst, on the other hand, if a saurian 
scale is mineralized it ought twonsist almost entirely of some re- 
placing substance, such as siljJRius or calcareous matter, coming in 
place of the decaying anim^^atter and of little or no bone-earth. 

The author has analys|^ fossil scales from the three following 
localities, and the result of the analysis he conceives to show the 
whole of them to have belonged to fish : 
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Buidie.house. Tilgatc. 


Phosphate of lime 50*94 55*75 C0*13 

Carbonate of lime 11*91 15*86 27*94 

Siliceous matter 36*58 16*17 3*42 

Potash and soda *17 1*06 1 *43 

Alumina 2*82 *82 

Bituminous matter and water*. .. . *12 6*46 6*71 

Phosphate of magnesia Trace. 

Animal matter Trace. 

100*12 i 98*12 100*45 


In the first ofig||j|tte the animal matter appears to have been re- 
placed by silice|^^^Ltter ; in the two others, partly by siliceous 
matter, and parnHly carbonate of lime. 


The author has had no opportunity of examining an undoubted 
saurian fossil scale. 


On the Composition and Properties of the Salts of Siilpho-Methyllc 
Acid. By Robert J. Kane, il/.Z)., M.RJ.A, 

Professor Kane had been occupied with experiments on pyroxylic 
spirit, in order to test the truth of Liebig’s idea of its nature, and 
had announced to the Royal Irish Academy the fact of the formation 
of a peculiar acid, analogous to the sulphovinic, by the action of 
sulphuric acid, before he received an arcoimt of Dumas and Peligot’s 
researches on that substsjf’ce. The question of its nature having 
been decided by their anv^sis, he restricted himself subsequently 
to tlie development of thl'Uiistory of the sulpho-methylates, a de- 
partment of the subject which the French chemists had but 
sliglitly touched. 

The sulpho-methylates a'^^ieasily prepared. A salt of lead may 
be procured by mixing pyri^/lic spirit with an equal weight of oil 
of vitriol, and neutralizing bVy^arbonate of lead. It crystallizes in 
fine long rectangular prisms.^’! salt of baryta can be obtained in a 
similar manner with carbonati£f"pf baryta. From either of these 
salts the other sulpho-methylate\5'?an be obtained, by double decom- 
position, by means of a soluble sVWiate. 

The sulpho-methylate of potW^ crystallizes in pearly rhom- 
boidal plates ; it deliquesces. H^>^d it gives water, neutral sul- 
phate of methylene, and sulphuroil'lt acid, leaving a carbonaceous 
residue of sulphate of potash. Thc^ 
for its composition, 

* The Tilgate scales contained carbon and sulphur instead of bituminous 
matter. 
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Potash...... 29-51 

Sulphuric acid 50*10 

Methylic sether «•.«.••••••• 14*39 

Water of crystallization 0-00 


100*00 


which agrees with the formula : 

' k 8 +^ + H * 

TliO sulpho-methylate of baryta crystallizes in plates. 


of two analyses gave 

Baryta 38*o0 

Sulphuric acid 40*21 

Methylic aether 11 *49 

Water of crystallization 9*80 


The mean 


100*00 

This salt was analysed by Dumas. His result : 


Baryta 38*6 

Sulphuric acid. 40*4 

Methylic ecther 11*1 

Water of crystallization 9*9 


100*0 

Both analyses indicate the same formula : 

2 S*+ Ba + (2 C + H + O) + 2 H 
The sulpho-mctliylate of lime crystalli|es in octohedrons, which 
are anhydrous. Tliey deliquesce, and byjhe mean of two analyses 
are composed of, 

Lime 21*41 

Sulphuric acid m . . 60*25 

Methylic eether X* • • 13*34 


100*00 

giving the formula 2 S + Ca + (2 Q|^ 3 H + ^)* 

The sulpho-methylate of lead u*illy obtained is in long prisms, 
which readily deliquesce, and are^pry easily decomposed, being re- 
solved into sulphate of methylenipQnd sulphate of lead. The mean 
of seven analyses of this salt gi^T for its composition, 


Oxide of lead . . .JV 49*76 

Sulphuric acid. 35*93 

Methylic xth^fT. 9*81 

Wa ter of cryj^lization 4*50 


100*00 

giving the formula 2 S -H Pi + (2 C •+• 5 H -J- O) •+• H. 
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On two occasions a lead salt was obtained in plates like the 
baryta salt, and apparently containing two atoms of water ; but Pro- 
fessor Kane has not determined the exact circumstances necessary 
to the production of this form, and consequently its examinatioi||^t 
remains to be made. ™ 

The salts of copper, nickel, soda, ammonia, lime, magnesia, alu- 
mina, and iron have been formed by double decomposition, but their 
properties would occupy too much space in describing. The mode 
of obtaining them indicates their composition. 

All those salts that contain crystallization water, lose it (efflo- 
rescing) when dried over sulphuric acid. I'liis method was em- 
ployed to determine the quantity of such water present. 

Dr. Dalton observed that he had analysed pyroxylic spirit some 
years since (in 1829), and found it to be composed of an atom of 
olefiant gas united chemically to one of water. This was inferred 
from burning its vapours with oxygen in Volta’s eudiometer. He 
also ascertained that burning it in a lamp produced the same heat 
as burning alcohol diluted so that the two liquids contained the same 
relative quantities of olefiant gas and water. At the same time he 
found pyroacetic spirit to be constituted of 3 atoms of carbon, 2 of 
hydrogen, and 1 of oxygen, or rather 1 atom carbonic oxide holding 
2 of olefiant gas : this was discovered by burning the vapour with 
oxygen in Volta’s eudiometer. 


On some Combinations of ProtoMoride of Platina with Protochloride 
of Tin, By Robert J. Kane, M,D.y M,R,LA, 

These bodies unite in different proportions ; that containing 
least tin is of an olive brlqii colour, crystalline, and very deliques- 
cent ; decomposed by nuA . water, giving muriatic acid and mixed 
oxides of tin and platina. second, which contains most tin, is 

of an intensely red colour, I^'^uble in a small quantity of water, giv- 
ing a splendid red solution, F > is decomposed by much water, giving 
muriatic acid, and a chocolS^ v. powder which contains the proto- 
chlorides of platina and tin aX'^roloxide of tin. By acting on this 
powder by ammonia, a black nU^tcr in crystalline grains is obtained, 
which when heated burns like t^^er, with formation of peroxide of 
tin, and platina is reduced. 

The colour of the solution waj^'und by Professor Kane, on ex- 
amination by a prism, to be an al^,\utely homogeneous red. 

Professor Johnston read a paper <m^he physical cause of certain 
optical properties observed in chabasie.\ 

The nature and amount of the double refraction are found to vary 
according to the course taken by the ray ; and this Mr. Johnston 
conceives to arise from the fact of the index for quartz being nega- 
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live, and that for chabasie positive, and from certain crystals of 
chabasie including an excess of silica, which is a substance plesio« 
xnorphous with chabasie. (Dr. Thomson stated that there are 
tgtt|distinct species of chabasie, one of which includes soda and 
^Rther lime, and from the admixture of which the phsenomena 
might perhaps arise.) 


Professor Johnston stated verbally the results of his analysis of 
the single and double iodides of gold, results which he found to 
correspond generally with those already obtained for the chloride. 


Professor Graham gave an account of some recent researches 
which he has published in reference to the constitution of certain 
compounds as far as respects th|ir constituent water. He illus- 
trated his views by sulphuric acid, with 1 and 2 atoms of water, 
by oxalic acid with 1 and 3 atoms of water, and by nitric acid 
containing 1 and 4 atoms of water. Other compounds were also 
adduced, such as oxalate of magnesia, which contains two atoms of 
water, or that which may be considered as the water of crystalliza- 
tion of oxalic acid. The oxalate, binoxalate, and quadroxalate of 
potash, and several other saline compounds were also brought for- 
ward in explanation of his views. 

Anhyd. oxal. a. . (C + C) 

Oxal. water . • . • (C + C) H 

Oxal. acid H(C+C)2H 

Oxal. potash. ..K(C+C)H 

Binox. pot k(C+C)H+(^+-C)2H‘- 

Quadrox. pot. . . K. (C + C) H 4 X + C) 2 H + H (C -f C) H 
He tlien drew attention to arnmor'^ which he considered as fre- 
quently performing the function oji^ater in saline compounds ; a 
view which he impressed upon theJpetion by drawing attention to 
the composition of the sulphate y/tof two distinct ammoniurets of 
copper. 


On a new Method of testing tjjmresence of Muriatic Acid in Hydros 
cyanic Acid. Professor Geoghegan. 

This proceeding is essej^lly preliminary to the adoption of the 
usual modes of determii»g the strength of any given specimen of 
this agent. The insoluble compounds into which the chlorine of 
muriatic acid enters, and by the formation of which chemists usually 
recognise its presence, are known to resemble, in many respects, 
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those to which cyanogen gives rise when combining with the same 
bases. The meUiod proposed by Dr. Geoghegan is founded on the 
property which the double salt of the iodide of potassium and bi- 
cyanide of mercury possesses of being decomposed by acids, j|d 
then producing biniodide of mercury. This compound, whichlB 
been analysed by Liebig, and subsequently by Dr. Apjohn, is easily 
prepared by mixing, in the proportion of atom and atom, the iodide 
of potassium and bicyanide of mercury, each dissolved in a small 
quantity of hot water. After a short time silvery scales (resem-< 
bling acetate of mercury) are formed, w»hich constitute tlie salt in 
question. The circumstance of this salt being decomposed by all 
the ordinary acids, would appear to show that it is not capable of 
demonstrating the presence of muriatic acid in particular ; but as 
the only other impurities likely to be present in the hydrocyanic 
acid are sulphuric and tartaric acids, if the appropriate tests of 
these latter do not indicate their existence, tlicn the formation of 
biniodide of mercury on the addition of a crystalline scale, or solu- 
tion of the double-salt above mentioned, may be considered as fur- 
nishing conclusive evidence of the presence of muriatic acid. It 
may be also stated, that the only hydrocyanic acid likely to con- 
tain sulphuric — that prepared from the ferrocyanide of potassium — 
can be generally recognised, as to the source from whence derived, 
by its possessing a slight bluish or bluish-green tinge, which is 
quite distinctive. The mode of detecting the presence of muriatic 
acid above detailed has' the advantage over those usually em- 
ployed, of being very readily applied, and the formation of the re- 
agent is perfectly simple ; it is capable of detecting l-4500th part 
of the acid : if no change of colour ensue on the addition of the 
salt, we may conclude th*{; the specimen of hydrocyanic acid con- 
tains no impurity which cL^ interfere with the subsequent estima- 
tion of its strength. Thii\ ■method, however, is inapplicable to the 
alcoholized acid of Germ\^. as the biniodide is soluble in .spirit, 
yielding a colourless soIuSl. i. If the presence of muriatic acid 
have been ascertained, its ^•(•tralization can be readily effected by 
the addition of successive sv>’l portions of precipitated carbonate 
of lime, as long as any is dpLv Ived ; when free, muriatic acid has 
been got rid of, and not till tfl'A can the estimate of the strength 
of the specimen under examinVVon be proceeded in with any hope 
of a correct result. The metho^-of Dr. Ure for effecting this lat- 
ter end is sufficiently correct forV ‘dinary purposes, if we substi- 
tute for the red precipitate whic™'he employs, pure peroxide of 
mercury ; as, independent of the pwl^nce of minium and other im- 
purities, red precipitate is seldom, Y ^ever, free from pernitrate of 
mercury : if perfect accuracy be de^^ ble, the best method, and 
probably as simple a one as that just ahhded to, is the formation of 
cyanide of silver by the addition of the. nK.^'ate of that metal. 
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On Bleaching certain Varieties of Turf for the Purpose of producing 
a White Fibre for the manufacture of Paper. By R. Mallet. 

kind of peat used for this purpose is that which exists im* 
mediately beneath the vegetable surface of almost every lowland or 
flat bog in Ireland, and is found existing in a stratum frequently 
of about three feet thick. It consists of the leaves and stems of 
various mosses, the roots and fibres of many small aquatic and 
marsh plants, &c. in the first stage of that very slow decomposition 
which is the character of every peat moss. 

The fibres are tough, and retain perfectly, in most instances, their 
original form, and are arranged more or less in parallel strata ; its 
colour is a reddish brown, and its specific gravity, as obtained from 
various bogs, varies from *360 to *650. It is proposed either to use 
the fibre bleached from this for paper-making alone, or in place of 
the various adulterations now used in paper from rags, such as 
chalk, gypsum, clay, cotionflyings^ hair, leather-cuttings, hop-bines, 
iic. 

The same material is capable without bleaching of being con- 
verted into an excellent species of board paper or mill-board, by 
simple pressure under an hydraulic or other press, and subsequent 
saturation in an exhausted vessel, with glue and molasses, drying 
oil, rosin, and oil, or any other suitable material. When so treated, 
it will withstand well the action of high-pressure steam. 

This species of turf contains from 3 to 11 per cent, of ashes 
when humid, and when dried, merely atmospherically, from 4 to 6 
per cent, of water. The ashes are of a white or yellowish white 
colour, and contain, 

Carbonate of lime 3 • • • 

Silica V'^**** 

Alumina ;w. . . . 17*0 

Peroxide of iron .fm .... S'O 

XiOSS ..... .... /V " 100. 

The author cannot account for the on this analysis, and has 
been unable to repeat it. He states ashes from the bottom of 
the same hog where this red turf obtained give a totally dif- 
ferent result, viz. . 

Carbonate of lime M 21* 

Sulphate of lime .j|r 5*5 

Silica .•••«•• . JK 24i*5 

Alumina * * 

Oxide of iron r^m 22*0 

Ly. 0-7 100.^ 

The fibrous matter of th^^ed turf is intimately combined with 
various complicated^ vegel^le results of slow decomposition, but 
containing in greatest proportion the extractive matter to which 
Berzelius has given the name Geine, from yy, terra. The extract 
obtained from turf in the way about to be described seems to be 
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nearly the same as that which he describes, in fact to be ulmin in an 
impure state. 

The specimen of turf to be bleached for paper is softened in cold 
water until its parts by agitation will separate ; the finer particles 
are washed off ; the fibre which remains is digested in the cold #ith 
a very dilute solution of caustic potass or soda, containing only 50 
grains of alkali to a quart of water. The solution, containing the 
geine in solution, is pressed from the fibres ; the latter are then 
soaked for some time in very dilute sulphuric acid, consisting of 150 
grains of the sulphuric acid of commerce, in a quart of water. The 
iron is obtained in solution, and the ammonia if any exist in the turf. 
The fibre is now again separated by pressure from the dilute acid, 
and digested in the cold, with dilute solution of chloride of lime, of 
the strength commonly used by paper-makers to bleach fine rags. 
After the bleaching has taken place the fibre is strained from the 
liquor, well washed, and applied to die manufacturer's purposes. 

The extremely dark-coloured solution obtained by the caustic 
alkali is now treated with an excess of dilute sulphuric acid, and 
the acid of the previous washings may be in part used by the 
manufacturer for this purpose. The alkali is neutralized, and the 
geine precipitates. It is collected on a filter or by other suitable 
means, and well washed with cold water, and finally dried by a 
steam bath, after which, if perfectly dried, it ceases to be soluble 
in water. It may now be used either in oils or distemper as a 
colour, being a rich brown bistre. 

The solution from which it has been separated contains sulphate 
of potass, and occasionally, in very minute quantity, sulphate of am- 
monia. 

The quantity of solubi • matter in the turf operated on was found 
from 14 to 30 per cent. ;tind from one hundred weight of turf of 
proper quality may be oUK jned about 18 pounds of fine white fibre 
fit for paper -making, andy^much larger proportion of a coarser and 
less white description. V 

When the turf is digesteL, the chloride of lime, a thin film of 
an unctuous-looking matted ;,’,oats after some time on the solution, 
and by careful management y^^y be obtained in small quantity ; it 
appears to be a mixture of X<.jtum resin with something analogous 
to wax, and of artificial campL'jx. 

This substance smells like cM>mon camphor. Its specific gravity 
is 0*990, which is a little more that of camphor. It is at or- 
dinary temperatures always par^^ solid and partly fluid. When 
deprived of adhering water it shoyb a tendency to crystallize ; tlie 
more fluid part gradually evapora^ ^when it is exposed to air, and 
a varnish is left on the vessel whicn^tntained it. Its point of ho- 
mogeneous fusion is somewhere betVi^en 290 and 300 ; it evapo- 
rates rapidly between that and its boilinji-point, which seems to be 
about 360. As it boils away, its boiling-^int rises ; it is insoluble 
in water ; a great part dissolves in alcohol, and the remainder is 
soluble in caustic potass and in fixed oils. 
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Proof spirit dissolves from it a very minute quantity of a sub* 
stance which seems to be a sum resin. It is entirely decomposed 
by a red heat, in close vessels, and also by concentrated and boiling 
sulphuric acid, which reduces it to charcoal, and a substance ap- 
parently analogous to artificial tannin. 

The bistre, or colouring-matter, obtained from the turf is not af- 
fected by carbonic acid, nor by sulphuretted hydrogen, nor by proto- 
chl<Hii|fe|||f tin : strong nitric ackl will not change its colour, although 
hyd^Hyading it is decomposed by it. Chlorine bleaches it slowly ; 
cauiUlPlIilies redissolve it. It is scarcely bleached at all by the 
sun's rays, nor does it when properly washed and dried show any 
tendency to deliquesce ; it is therefore an excellent colour for pa- 
per-staining and other such purposes, as few common agents will in- 
jure it, and it can be readily removed from surfaces by an alkali. 

The proportions of useful products above given can only be con- 
sidered as approximations, having been deduced from experiments 
on a small scale ; they would probably be much increased, and the 
relative expense of preparing the material reduced, if the process 
were carried on with greater quantities. 


On some singular PJujenomena of Flame from Coal-^Gas, 

By R. Mallet. 

If an Argand gas-burner be lighted, and a conical tube of a cer- 
tain diameter be inserted concentrically within it, with its extremity 
entering a certain distance, within the burner, find, while the gas is in- 
Hained, a current of air be propelled throug'4the conical tube in the 
same direction with the streams of gas, un(^^: certain conditions, the 
wdiole of the gas-ilame will retract or be .‘'drawn b^ck between the 
internal surface of the burner and the exte Jial surface of the conical 
tube, and nothing whatever will pass ' Irward but a stream of 
strongly heated carbonic acid and aque.lJ vapour. This very sin- 
gular phsenomenon of the passage in o^^site directions of two cur- 
rents in such close contact does not to be affected by the size 

of the burner, provided a certain proy^tion be preserved between 
it and the conical air-tube. The eyMriments were made with two 
burners chiefly, one of which was t^jlee quarters of an inch internal 
diameter and one inch and a halweep, measured along its axis, 
and the other seven sixteenths oi^ inch internal diameter, and one 
inch and three eighths deep. 

With these it was |bund thayK retraction of the flame was pro- 
duced most perfectly in the cafe of the large burner by a tube of 
five sixteenths of an inch dimeter, but yet took place to a certain 
extent until the diameter of^he tube .was reduced to x)ne eighdi of 
an inch, and in the case of the* smaller burner it was most perfectly^ 
produced by an air-tube of three sixteenths of an inch diameter ; 

£ 



so . BBITXflH ASSOCIATION. — 1635» 

yet taking place in a alight degree with one of only one twentieth of 
an inch diameter. 

If the conical air-tube be not inserted into die burner, but merely 
held close to its base or lower aperture, no retraction takes place, 
the flame is merely curtailed, and the combustion rendered more 
perfect ; and the same result takes place when a tube equal in dia- 
meter to the internal part of the burner is used, in which case it is 
obvious none of the flame could retract. 

To the perfect production of the foregoing eflects it 
that tlie apertures for the gas in the burners be of a 
size and more numerous than usual. When the axis of dRIRkcal 
air-tube is parallel with that of the burner, tlie direction of each 
separate jet of ilame from the holes in the burner is also parallel to 
the same while the air-tube and burner are respectively concentric ; 
but if, while they remain concentric, the axis of the air-tube be in- 
clined to that of the burner, a far more singular eftect ensues : each 
separate jet of flame now in retrxicting describes a spiral round the 
internal surface of the burner, making from one third to perhaps 
one half a revolution. 

If the conical air-tube, while still inclined as above, be now brought 
into contact with that side of the burner towards which it is inclined, 
the obliquity of the spiral is much lessened ; but the flame is so 
much retracted at the side of the burner opposite the air-tube that it 
makes its appearance out at the lower end of the burner. The same 
effects are produced whether the burners are vertically, up or down, 
or horizontal, or inclined at various angles, subject to merely the 
disturbances produced by the ascent of the neighbouring currents 
of heated air. 

The effects do not setm to depend upon difference of temj>eratiire 
between the current of Ljr and the flame, as no change is produced 
by heating the former ty.ppwards of 600° Fahrenheit, neither does 
the angle of the cone seV to be very essential, except it be so great 
as to nearly stop the apA . ;ire of the burner. A cylindrical tube 
answers equally well witt*;^ cone, but an inverted cone, that is, a 
tube terminating with an m^rgement, w'ill not produce the effects. 
Tubes of various other V produce corresponding variations 
of the principal phaenomenl^ A large flat disc, with an aperture 
just large enough to admit t^, burner, placed close to its perforated 
extremity, so as to prevent tWL passage of external currents parallel 
to the internal current of air, i .ys not change the effects. 

The retraction is considerab^'essened, however, by stopping up 
the space at the lower end of tWC . urner, between it and the air- 
tube, but is not wholly destroyccT 

Another singular fact connectedf^ijth these,^emains to be men- 
tioned : if a gbss or copper tube, oKjbout three eighths of an inch 
greater diameter than that of the burn^ externally, be placed over 
jt, the same sonorous effect is produce as in the well-known ex- 
periment of the combustion of pure hydrogen, bnt much louder ; 
indeed, the copper tube used, which was eighteen inches long and 



TRANSACTIONS OF THJB SECTIONS. 


51 


one and three eighths inches diameter, anitted a most overpowering 
sound. Length of tube produced no variation in the state of the 
dame, nor did increase of diameter over the above limits, although 
both produced of course a change of musical note ; but if the dia- 
meter of the tube, whether of glass or copper, was reduced to very 
nearly that of the external diameter of the bul'ner, on approach- 
ing the end of the tube with the burner, the retractile flame was 
drawn forward, and, unless skilfully managed, was drawn out or 
extinguished at the moment the burner entered the tube ; if, how- 
ever, the introduction was successfully effected, the moment the 
burner came witliin the tube the flame again retracted as before. 
The^oiind ceased at the moment that the flame was extinguished. 

The pressure of gas used in most of the experiments was that of 
the ordinary main-pipes in this city, about inch of water ; tliat 
of the current of air, which was produced by a good pair of double 
bellows, was equal to the pMsure of a column of {2^ inches of) 
mercury ; but it was found l||pt no material alteration of effect took 
place from condensing the gas to about two atmospheres, and cau- 
sing it to issue inflamed at that pressure, provided the pressure of 
the current of air was likewise increased in the same ratio nearly. 

With a less powerful stream of air than was above stated, the 
cftccts were imperfectly produced ; and with a much more powerful 
one the flame was blown out. 

The temperature of the current of air heated by the flame, when 
it retracted best, was found, at the distance of four inches from the 
burner, to be 432^ Fahrenheit, or perhaps a little higher. The com- 
bustion ol‘ the flame in all the foregoing cases is absolutely perfect ; 
its colour is a deep blue, and the volume of intensely heated air pro- 
pelled is very great, so that it may be reldered very useful for 
various purposes in the laboratory. It is i perfectly dry, but it 
is free from dust or smoke. 


On the Volatilization of Magnesia by Hea J By Professor Daubeny. 

According to Von Buch, carbonate (V^nagnesia must have been 
sublimed by volcanic action, althougfl^ch a phenomenon would, 
Dr. Daubeny conceived, be scarcely a flitted by chemists as con- 
sistent with the known properties of jSat earth. 

A curious fact, however, confirma^y of the truth of Von Buch’s 
opinion, occurred to Professor Daiwny in Italy. He visited a lo- 
cality where there was an upper st^um of lava containing cavities. 
In one of these an English gentlemjtf, resident on the spot, discovered 
a large quantity of carbonate of Magnesia, and Professor Daubeny 
himself observed a minute of the same earth coating the 

outer surface of the lava. WjM it is difficult to understand in what 
manner this substance couldrcollect in the cavities or upon the sur« 
face of the rock, unless it had previously become volatilized by 

heat. 

£ 2 
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(Dr. Dalton observed that there could be no doubt that carbonate 
of magnesia might be volatilized, since Dr. Henry had informed him 
that a quantity of this substance was always driven oft’ whenever the 
heat was carried beyond a certain point.) 


Mr. Hartop made a communication on the' use of the hot air 
blast in the manufacture of pig iron, in which he showed that the 
saving said to be effected by the use of hot air had been overrated, 
as a considerable portion of the alleged saving had been previously 
effected by other improved processes. 

The general saving on the average he stated to be no more ^han 
10s. per ton, and observed, that the price of such iron in the market 
had actually fallen from 1 5s, to 20s, per touj while that from cold air 
at the same time rose 5s. per ton in Yorkshire. (This statement gave 
rise to observations on the part of several gentlemen, who stated that 
no such reduction in price of iron nfpe by hot air luid occurred 
in other parts of the country, and that, as prepared in Glasgow and 
many other places, it had not been deteriorated. This method has 
in consequence been adopted in every smelting-house in Scotland, 
and the annual produce of the works in that country during the last 
ten years has been nearly doubled. 

Reference was also made to processes adopted in the Russian 
smelting-works, which showed that by a judicious adjustment of the 
quantities of cold air introduced by tlie blast, a saving could be ef- 
fected approaching even to that obtained by the use of hot air.) 


Account of some Chenihal Processes. By Francis Barker, M.D.^ 
ProJt^Chem. Trin. Coll. Dublin, 

It has been known s\ |e the time of Bergman, that diluted acetic 
acid has little or no at^ on peroxide of iron ; but it is not, per- 
haps, generally known tt/. this oxide may be completely separated 
from sulphuric or murlr^if; acid, and probably from most other 
acids, by an alkaline aceV the alkali exerting its usual action of 
detaching the peroxide, '^Ist the acetic acid remains inactive and 
does not unite with it, anclDiat by means of the acetate of potash, 
peroxide of iron may be ell fpletely detached from the oxide of 
manganese, one portion of tnL ♦acetate of potash decompounded by 
the salt of manganese produV'g acetate of manganese, which re- 
mains in a state of solution, w|d.;H the other portion of the acetate 
of potash separates the peroxid^ "iron, on which the diluted acetic 
acid has no action. The adv^^es arising from this mode of 
operating are obvious, as it gives chemical analyst the means of 
separating the oxides of iron and m^ganese by agents easily ob- 
tained and in the hands of every chex^t. 

As the success of this method depends in a great measure on at- 
tention to minute details in the mode of conducting the process. 
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more especially on the comparative quantities of the substances em- 
ployed, a few experiments are adduced. 

Ex^perimenU — Five grains of green sulphate ©f iron taken and 
dissolved in fifty measured grains of cold distilled water : to this 
added, from the end of a dropping-tube, six drops of diluted nitric 
acid, spec. grav. On applying heat to 'this mixture, it ac- 

quires a dark olive colour, arising from decomposition of the nitric 
acid by the protoxide of iron and absorption of the nitric oxide by 
the ferruginous solution. When the mixture is heated to ebullition 
this colour disappears, and is succeeded by the ordinary yellow co- 
lour of a solution of peroxide of iron. To the solution of the sul- 
phate of iron, thus altered by the action of nitric acid, an aqueous 
solution of acetate of potash, containing one tenth of its weight of 
the acetate, is to be added, in the quantity of two hundred grains 
measured. The mixture, on this addition being made, changes to 
a dark reddish brown colour, nearly as intense as that of port wine. 
The mixture is now to be diluted with its own volume of water, and 
heat applied until it boils ; the ebullition continued for about two 
minutes. The peroxide of iron begins to separate as the heat ap- 
proaches the boiling-point, and in a short time the whole peroxide 
is detached. On Altering the mixture whilst hot, the fluid which 
passes through the filter appears colourless, and on addition of the 
the triple prussiate of potash, affords neither precipitate nor blue 
tinge indicating the presence of iron. The powder remaining on 
the filter, well washed with hot water, is of a clove brown colour. 

The addition of the nitric acid with subsequent ebullition is es- 
sentially requisite to the success of this experiment; for if the 
green sulphate of iron be employed without the addition of nitric 
acid, on adding the solution of acetate of .potash, and causing the 
mixture to boil, no change of colour to r^Jidish brown is found to 
take place, but a black powder separate^i and the mixture when 
filtered affords a fluid of a strongly ferr^inous taste, yielding an 
abundant precipitate, of a bluish white with the triple prus- 

siate of potash ; thus proving that thf ^inversion of the oxide of 
iron into peroxide must precede the ar^ion of the acetate of pot- 
ash, which is otherwise incapable of^Ifparating the oxide of iron 
from the acid. m 

When a solution of the green xnxxtMe of iron is treated in a man- 
ner similar to that above describedvjroy converting the protoxide of 
iron into peroxide by nitric acid, ar« decompounding the solution by 
acetate of potash and heat, the effects are produced as in the 
green sulphate of iron. 

If to a solution of peroxidiJof iron, produced by the method 
above described, a solution jt^he oxide of manganese is added, 
then solution of acetate of jamash and heat applied, a similar depo- 
sition of peroxide of iron^kes pl^e ; and the filtered liquor, on 
addition of triple prussiate of pota^, affords a cream-coloured de- 
posit unmixed with any blue tinge : the peroxide of iron has there- 
fore remained on the filter, and the oxide of manganese in solution 
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bas passed through, yielding its proper precipitate with the triple 
prussiate. It is right to observe, that a solution of the muriate of 
manganese is not rendered turbid by admixture with acetate of pot- 
ash and subsequent application of heat. 

It follows from the preceding experiments, which have been many 
times repeated, that peroxide of iron may be completely separated 
from either sulphuric or muriatic acid by acetate of potash, and that 
in a mixed solution of peroxide of iron aiul oxide of manganese in 
an acid, a complete separation of the peroxide of iron may be ef- 
fected by means of the acetate, provided that proper attention has 
been given to the comparative quantities of the ingredients employed 
in the mixture. Acetate of soda or of ammonia may be substituted 
for acetate of potash in producing this decomposition. 

Two other chemical facts were adduced. 

1. As the precipitation of the ammoniacal phosphate of mag- 
nesia is accelerated and made manifest by drawing lines with a blunt 
glass rod on the internal sides of the glass vessel in which the proper 
mixture is made for producing the precipitate, a fact first noticed 
by the late Dr. \Vollaston, so in a similar manner the separation 
of bitartrate of potash from any mixture containing potash, to which 
tartaric acid has been added in proper quantity, will be accelerated 
and rendered manifest by drawing lines with pressure on the inter- 
nal sides of the vessel with a glass rod, tlie crystals of bitartrate first 
attaching themselves to these lines. 

2. That nitrate of lead like the nitrate of baryta is precipitated 
from water by addition of strong nitric acid, which in each case ex- 
erts a similar action, namely, that of abstracting the water from the 
salt. 

On a Smircc of l7iaccuraK\ in Observations of the Dc7v-point. By the 
Rev, Wm.i ^EiiNON IIaucourt, F,R,S, 

Mr. Harcourt having V''herved an apparent variableness in the 
deposition of dew on diffek/ 1 surfaces, at the same temperature and 
in the same atmosphere, wjife'^d to make the following experiments. 

A pane of glass was on different portions of its surface, 

with substances of different^^grees of hardness, and left till the 
equality of temperature was iV'torcd : being then breathed upon, it 
was observed to show the com^^nsed vapour in proportion to the 
polishing power of the substaneV* by which the different parts of the 
glass had been rubbed ; cliara(^^-s traced by a leaden point dis- 
played this phacnomenon in the jfc'^atest perfection. The experi- 
ment was next tried on metallic siX j ces, by polishing, for instance, 
part of the blade of a rough razon^nd breathing on it, when the 
same effect was obvious. 

When the state of the dew or\ the diffluent surfaces was examined 
with a lens, it appeared that its greater visibility on the more po- 
lished parts was owing to a stronger reflection of light from a greater 
number of minute and unconnected drops deposited on those parts. 
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It would seem as if the process of polishing insulates the points to 
which the particles of vapour attach themselves, and prevents them 
from running into each other ; but though the vapour condensed on 
the polished surface thus becomes more sensible, it is not increased 
in quantity, as is easily proved by continuing to breathe on the pane 
of a window till streams of water run down on the unj^olished surface, 
and on that only ; and it is not a little remarkable, if the polish be 
also carried horizontally along the lower part of the pane, to observe 
the streams dammed up where they meet the polished part, and 
drops of water left along that p<^rtion of the line. 

The observation of these facts led tlie author to apply some prac- 
tical corrections to the ordinary method of ascertaining the dew- 
point : he adopts the direct process of Dr. Dalton, reducing the 
scale of the operation, and substituting metal for glass. A highly 
polished metallic vessel, not more than 4ths of an inch wide and 
1 4 inch long, is nearly filled with water; some crushed sal ammo- 
niac is introduced ; the salt is stirred up and mixed with the water 
by the bulb of a small thermometer, which falls in consequence 
very gradually, and when the dew appears the thermometer is in 
contact with the surface on which it is deposited. If a consider- 
able de[)ression of temperature is required, the vessel may be 
cooled down previously to the experiment by a similar process. This 
instrument, from the small quantity and cheapness of the cooling 
material, may be used constantly at little cost, and from the con- 
ducting and radiating properties of the vessel, as well as the pre- 
cision with which it indicates the first deposition of dew, may pro- 
bably be found to be uniform in its results, 

Mr. Moorts exhibited a leaden pipe whlh had served for about 
twenty years as the worm of a still for thc^iistillation of medicated 
waters and spirits ; at length it began / j leak, and on examina- 
tion it was found to be supported at y’^jious points by bars of 
^ood crossing it, and to be tied at oth.^M with twine. Wherever 

thus came in contact with either wc or twine, it was deeply 
corroded, and the lead appeared to becr^erted into a dark powder, 
which, wlien examined, was found t^^ontain oxide and chloride 
of lead ; at all other points the pipe vhA perfectly sound. The ap- 
pearance of the corroded parts did^t admit of the effect being 
attributed to mechanical action, ^,^^he presence of chloride and 
oxide in the powder, established^yle thought, that the corrosion 
was not entirely, if at all, caused,^y acids formed by the decaying 
organic matter ; it appeared to that it ought ratlier to be attri- 
buted to galvanic action, tle«|lr|Jb by the contact of the metal, and 
wood, or twine, which cause, for such a length of time, might 

be sufficient to accomplish t^^estruction of the pipe at the points 
of contact. 

Mr. Ettrica, referring most of the unfortunate explosions which 
have happened in collieries where the “ Davy lamp” is used, to the 
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ignorance and wilfulness of the workmen, proposed a plan for the 
security of the lamp from injury and mismanagement. 

Professor Graham noticed with regard to safety lamps, on the 
theory of which he has been some time engaged, that wire gauze is 
rendered much more impervious to flame by being first dipped in an 
alkaline solution, which also protects the wire from oxidation. 


On a new Electrometer. By William Snow Harris, F.R.S.f 


Report of the Committee appointed to consider the subject of Chemical 
Symbols. By Dr. Turner. 

[This Report, with the remarks of several of the members of the 
Committee, will appear in the next volume of the Transactions of 
the Association.] 


GEOLOGY AND GEOGRAPHY. 

On the Geological Map of Ireland. By 11. J. Giuffith. 

Mr. Griffith presented his (icological Map of In'land, tlie result 
of many years research and labour, assisted in part by tlie j)ublica- 
tions of Weaver, Conybcare, Buckland, and Berger. Mr. Griffith, in 
pointing out the inaccuracies of existing maps of Ireland, dwelt on 
the advantages which will be derived from the publication of the Ord- 
nance maps of Ireland, four counties of which have now appeared. 
At present great difficulties attend the allocation of geological j)hoc- 
nomena, which are frei uently misplaced in relation to each otln^r, 
from the necessity of foi »wing the defects of the old maps. Mr. Grif- 
fith, as an example, staV d that in Arrowsmith’s map, Benwee Head 
is placed twenty miles Worth of the parallel of Sligo, though it 
is actually due wx*st oft; Jiat town. The remarkable position of 
the mountain masses wJU^rst pointed out.. They occur on thJ 
margin of the island, animi^.close the great central limestone plain ; 
an arrangement which shft jens the courses of the rivers, rising as 
they do in the higher groin’s, and rapidly descending to the sea. 
The Shannon is an exception ^having a course of 140 miles; but it 
also is affected by the peculialLy alluded to, its stream falling eighty 
feet in the first twenty miles oft;^ course, and only eighty feet more 
in the remaining 120. On the g^xat plain which occupies the centrei 
of the island numerous beds of V;avel occur, called Escars, which 
though constant in direction whc||'con8idered in reference to small 
spaces, are variable when the ^ii^son extends over greater 
limits. Mr. Griffith considers the g^^at bogs as due to these accu- 
mulations of gravel, which, by damrflljg in the water, facilitate the 
growth of Sphagnum palustre. Under WaC bogs are deep deposits of 
marl, underlaid by clay and gravel, which further support the idea 
of ancient lakes, ihe marl was stated to be in one inelance forty feet 
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thick. Mr. Grif{ith> confining himself on this occasion to the sedi- 
mentary rocks, commenced his illustrations by those of a more 
crystalline character, such as gneiss, mica slate, &c.; and stated 
that he considered the great groups of Ireland as corresponding to 
those of Scotland, particularly the Northern to the Grampians, and 
the Mourne to the Dumfriesshire mountains. The general direc- 
tion of stratification is N.E. and S.W., though in Tyrone it is more 
nearly N. and S., being referred to a local axis ; and in the sputh 
nearly E. and W. The beds of primary limestone, associated with 
the primary schists, are not continuous, though they occur in lines : 
when inters(icted by trap dykes, they become dolomitic. The quartz 
rock, which is also associated with these schists, is sometimes very 
remarkabh*. At Dunmore Head it has the structure of orbicular 
granites or of some varieties of trap, for which it is often mistaken. 
Mica slate is uuecpially distributed : it is abundant in the north and 
west, less general in the south, and deficient in the Mourne or Down 
district. Mica also, as a mineral, is not general, being in the Mourne 
mountains often replaced by hornblende. Proceeding to the trans- 
ition schists, • Mr. Griffith stated his conviction that they would re- 
quire subdivision, whenever materials had been collected for the 
purpose, in the same manner as those of Wales had been divided by 
Mr. Murchison. For example, in the older schists, neither conglo- 
merates nor organic remains are found. In the newer greywackes, 
the slates alternati'. with sandstone; and again, in the still newer 
strata, limestone, containing fossils, alternates with the upper por- 
tion of the schists. The old red sandstone is also considered by 
Mr. Griffith divisible into two or three subsections, the upper alter- 
nating with the mountain limestone. Mr. Griffith then described the 
several coal-fields of Ireland, pointing o^jt the distinction between 
those of the north and south, bituminous jcoal being confined to the 
northern collit’ries. The more recent sedimentary rocks w^ere then 
briefly described, more especially the red sandstone, which un- 
derlies tlie lias and chalk on the S. E. of Antrim, and is also 
found in Monaghan, and may be trace *^1101100 through Tyrone and 
Derry to Lough Foyle, and round L» ^h Foyle to Donegal. 

Flaving previously described the s( '^neiitary, he now entered on a 
description of the crystalline rocks i^^sidered as rocks of intrusion. 
In the Wicklow range, extending to i^andon, the granite contains no 
hornblende, and, as previously not^^l by Mr. Weaver, occurs some- 
times as beds in mica slate. In tfi; Mourne or Down range, the gra- 
nite contains hornblende, whicl^requently predominates over the 
mica. In Wicklow, mica slate/^^sing into^ gneiss and clay slate, 
abuts without disturbance agai. 'Jx the granite. In Dow n mica slate is 
wanting, and the other scl^stiJi rocks are frequently disturbed. In 
western Donegal mica slaw^nd quartz rock are abundant, the 
quartz rock being develojMp to a great extent ; and in Galway also, 
associated with mica slajjp quartz rock is extensively diffused. In 
both these counties granite occurs, and the crystalline stratified 
rocks are afferred to as aflTording distinctive characteristics of its 
several locWties. The phaenomena usually exhibited by granite 
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veins are frequently observable, such as their passage through the 
adjacent schists, detached portions of which are often enveloped 
in their substance, and the change they etfect in their structure. 
Mr. Griffith next described the older and newer trap districts, men- 
tioning many interesting particulars connected with them, such as the 
capping of quartz rock by greenstone, the concentric arrangement 
of the beds of greenstone in Donegal, and tlie occurrence of quartz 
rock between two beds of greeiistoius the quartz being columnar, 
the trap, above and below it, not. In Slieve Guilin greenstone and 
granite were stated to be actually mixed togetluT, whilst in Carling- 
ford the contiict of the sienitc (or greenstoiu*) w ith the granite is 
concealed by debris. After noticing briefly the oclire beds which 
so often separate the beds of basalt, and expressing his belief that 
the trachytic poq)hyry of Sandy Brae in Autviin was nothing more 
than tins ochre indurated by li(‘at, Mr. Griffith adducc'd the fact of 
beds of sienit(* traversing the cliffs of Murloch Bay, and containing 
detached })ortions of chalk, as proof that the sienite was posterior 
in appearance to the chalk; and gave it as his opinion that all the 
crystalline rocks had been fused, and in most cas(‘s ])Tojeet(‘d from 
bcnt‘ath through the sedimentary rocks, the appt'arance of regular 
strata being due to their projection in a direction parallel to the 
strike of the beds. ♦ 

Mr. Griffith stated tlie existence of an extensive marl d< posit in 
Wexford, some of the shells of w hich appeared to correspond wdth 
those of tlic crag. 


On a small isolated Patch of Granite vdiich occurs in the Countif of 
• Cavan, JJu Lieutenant Stotherd. 

k ... 

The superficial extent ojl' this granite is about seven square miles, 
and it is separaUd from tlii'im arest group of primitive rocks, that of 
the Mouriie mountains, by Vt grauwaeke or transition schists. This 
small district is enlindy sV^ounded by traiisition and secondary 
rocks, and exhibits all thos(^ Ranges in the structure of the sedimen- 
tary rocks w hich are usuall}y»scrved on their approacli to, or con- 
tact with, rocks of a dccidedlmjjgneous origin, the schists becoming 
indurated and oft( n change(lVj) quartz rock. The app(*aranc(' of 
primary" rocks so far removt Afroiu any of the greater inasst's is 
extremely important in geologfcjl speculation, and assists in this 
instance in explaining the brol^ri and detached character of the 
schistose hills, and the induratioiiVi’ many of their strata, since it is 
probable that t\ni granite is at noVtreat distance from tluj surface 
in the w'hole space between the Vf van primary rocks and the 
Mourne mountains, of which they n^^ lift considc'red an extension. 

Copies of a map of the geology of the T^virons of Dublin, accom- 
panied by a memoir, w ere pres<*nte<l to the oection by Dr. Scouleu, 
Professor of Geology to the Koyal Dublin 8<^ciety. ^ 
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Ofi Eleven Trap Dykes in the Connies of Mayo and Sligo^ run'- 
ning East and West for great distances. By ArcJtdeacon Ver- 
SCHOYLE. (Printed in Proceedings of Geological Society.) 

On certain Fossil Polyparia found in Alluvial Deposits in the vi- 
cinity of Limestone Hills, By Dr. Jacob, 

The sj)ecimeus were Lithodendra, of tiie species usual in the car- 
boniferous liinestoiU! of England, the coralline lanielhe being replaced 
by silica, and limestone partially removed by water (;ontaining 
carbonic acid. Similar case's are frc‘q\ient in the North of England : 
the circumstances under which tlu'y occur appear to Di\ Jacob to 
df'serve special impiiry. 


Oh the Silurian rnid. Cambrian Systems, exhibiting the oi'der in 

which the older Sedimentary Strata succeed each other in England 

and Wales. By Professor Sed(;wick and \l. I. Muiiciiisox, 

V.P.G.S. 

Mr. Murchison described a great grou]) of fossiliferous depovsits 
which rises out from beneath the ohl n*d sandstom'. To these rocks, 
which he has te^nmnl in descending order the Ludlow, Wenlock* Ca- 
radoc, and Llandeilo formations, (each distinguished by peculiar or- 
ganic remains, and frequently by subordinate' limestones,) it was 
found ess(‘utial to assign a comprehensive term, since they consti- 
tute one natural system interpolated between the old red sandstone 
and the slaty rocks of Wales, lie obsen ed that it w as w^ell known 
to all pnu'tical geologists, that in conse^aence of the recent ad- 
vances of the science, it was absolutely iinj^erative that the terra 
transition ”, under w hich such rocks would formerly have been de- 
scribed, should now be abandoned, sinct^^it had been so used, both 
by Continental and English writers, embrace the whole car- 

boniferous s('rics, from w hich the syste under review was not only 
separated by the vast formation of tlu dd red sandstone, but vrd& 
specially to b(^ distinguished by its fo? ‘ • contents. Urged, therefore, 
by many geologists to jn-opound an o^lrely m?w^ name for the class 
of rocks which had engagc'd his atte^on during the last five years, 
Mr. Murchison recently suggestei^^\See I.ond. and Ediiib. PhiL 
Mag., July 1835, p. 48.) that p group should be termed the 
“ Silurian System f X\\c name beijjy derived from the ancient British 
peo])lo, the Silures, who under J^ractacus made so noble a stand 
against the Homans, and withir yhose territoiy the rot'ks under con- 
sideration are fully displayed, ifv. Murcliison then pointed out, that 
wdierever the limestones and characters of ])articular forma- 

tions were absent or obsciiij^it ms -always practicable, over a re- 
gion of 120 miles in leng«, extending from the neighbourhood of 
the Wrekin and Caradoc hills, in Shropshire, to the w^est coast of 
Pembrokeshire, to separate the groups into tw o parts, the “ Lud- 
low” ami “ Wenlock” formations, forming the “ Upper Silurian f 
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the “ Caradoc” and ‘‘ Llandeilo” the “ Lower Silurian rock$'\ He 
further remarked, that in South Wales he had traced many distinct 
passages from the lowest member of the “ Silurian system” into the 
underlying slaty rocks, now named by Professor Sedgwick the 

Upper Cambrian^ 

This communication was illustrated by Ordnance Maps extending 
over large parts of eleven counties, coloured in the field by Mr. Mur- 
chison. 

Professor Sedgwick commenced by pointing out the imperfection 
of the sections exhibited in the North of Englanc(| and some por- 
tions of North Wales, in consequence of the entire want of conti- 
nuity between the carboniferous scries and the inferior schistose 
groups. Some of the latter are fossiliferous both in Denbigh- 
shire and Westmorland ; but in the interrupted sections of those 
counties it is impossible to tell how many terms are wanting to com- 
plete the series to the old red sandstone and carboniferous lime- 
stone. In the country described by Mr. Murchison these difficulties 
do not exist, and his s(‘ctions have filled up a wide chasm in the 
succession of British deposits. Professor Sedgwick then described 
in descending order the groups of slate rocks, as tliey* are seen in 
Wales and Cumberland. To the highest he gave the name of Upper 
Cambrian group. It occupies the greatest part of the chain of* the 
Ber#yns, whore it is connected with the Llandeilo flags of the Silu- 
rian system, and is thence expanded through a considerable'^ portion 
of South Wales. In one part of its course it is based on b<ids of lime- 
stone and calcareous slate ; but on the whole, it contains mucli less 
calcareous matter than the Silurian system, and has fewer organic re- 
mains. Beds of good roofing-slate occur, and a perfect slaty cleav- 
age is often observed in f t transverse to the stratification ; but other 
parts of it are of a coarse mechanical texture. To the next inferior 
group he gave the name of Middle Cambrian. It composes all the 
higher mountains of Carnarvonshire and Merionethshire, and 
abounds in fine roofing-slaLj, alternating with, and apparently pass- 
ing into, irregularly inters^rtified masses of porpliyry. Some ])or- 
tions of it arc coarse and ^chanical, and it contains (for example, 
at the top of Snowdon,) a organic remains, and a few examples 
of highly calcareous slates,^jit no continuous beds of limestone. 
The same group, with the saife'*, mineral structure, and in the same 
position, but without organic Vnains, is greatly developed in Cum- 
berland. The L&ioer group occupies the S. W. coast of 

Caernarvonshire, and a considerlLlc portion of Anglesea ; it consists 
chiefly of chlorite schist, passing and there into mica schist and 
slaty quartz rock, and contains su^.’dinate masses of serpentine and 
white granular limestone. It conta^^ no organic remains. Beneath 
the Middle Cambrian system (abo^^, describ^) there occurs in 
Cumberland (for example, Skiddaw ibrest,) a .^reat formation of 
dark glossy clay slate, without calcareoul^atter, and without organic 
remains. It passes in descending order into chiastolitc slate, mica 
slate, hornblende slate, gneiss, &c., which rest immediately on gra- 
nite. Whether the Lower Cambrian was to be placed on the exact 
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parallel of these masses in Skiddaw Forest, the Professor did not de- 
termine. 

Professor Sedgwick explained the mode of connecting Mr. Mur- 
chison’s researches with his own, so as to form one general system. 
He pointed out also the limit, as at present known, of fossils, none 
having been hitherto discovered in the Lower Cambrian schists, and 
remarked in reviewing the general phaenomena, that geological epoclis 
were not effected by shocks, but, like everything in nature, were 
under the dominion of the usual law^of causation. 


Notices of the Geology of Spain. By Dr. Traill. 

The author gave a sketch of the results of his personal researches 
in tlii^ g(H>logy of Spain, restricting himself, however, to a few only 
of the more striking peculiarities. He stated that it was an error to 
suj)post‘, all the mountain chains of Spain branches of the Pyrenees, 
from which they arc in many cases completely separated. The va- 
riety of climate, and circumstances produced by the union of these 
mountains with the elevated table lands of New Castile, which is two 
thousand %et, and of Arragon, which is two thousand five hundred 
feet above the sea, had very peculiar effects on the flora of the coun- 
try. Dr. Traill pointed out tlie identity of character which existed be- 
tween the granites and schists of Spain and England, and proceeded 
to the newer strata ; described the brine springs and salt lakes of 
Andalusia, and the deposit of salt which forms part of the base of 
the plain of Grenada. He also showed that lias and true chalk, with 
layers of flint, occur in the South of Spain, and confirmed the state- 
ments by Colonel Silvertop, of the tertiaiy deposits of Spain. Dr. 
Traill further observed, that bones are foynd in the fissures of other 
hills in Spain besides that of Gibraltar. 


On certain Disturbances in the Coal Strata of Yorkshire having a 

ronarkahle Relation to existing] Valleys ; illustrated by a Map and 

Sections. By Henry Hartop. 

M. Agassiz presented the fourth and fifth livraisons of his 
work on Fossil Fishes, and stated, that by the great addition of 300 
species which had been obtained froin the cabinets of these countries, 
the total number had been raised about 900. He then advanced 
some general views on tlie conclusions to be drawn from the geolo- 
gical distribution of fishes, and e^'plaincd the precision in determining 
epochs which their higher s^.^e of organization and consequent 
susceptibility to gxternal inflv 'flices afforded. The fishes of the car- 
boniferous perioi were diff^nt from those of the lias ; the fishes of 
the lias different|rrom tho^^ af the oolite and those of the oolite 
from the fishes of the ch|i^ : and as it must be presumed that fishes 
living together so coexBt from the necessity of their organization, 
and its adaptation to attendant circumstances, it must also be pre- 
sumed that their disappearance was the result of a change in the 
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conditions of tlie earth s surface. In estimating the effects of such 
changes, it is necessary, M. Agassiz observed, to distinguish between 
general phoenomena affecting, as it were, the laws of nature, and 
those of a luerc^ local character, such as volcanic eruptions. The 
local phsenomena may indeed have been similar to those of the pre- 
sent time, but the elevations of mountain chains are evidences of a 
more general class of phenomena, which have affected organic life, 
constituting thereby the various zoological epochs which may be 
traced in the earth ’s strata. Ij^was in such periods of violence and 
chang(‘ that tht' beds of any one system w(‘re deposited, the animals 
coexisting at the time being, according to the more or less su.scep- 
tible nature of their organization, moi'e or less eompletely amiilii- 
lated ; and it wiui in the trampiillity wliieh followt'd, that new beings 
were fciniieil, and lived to tenant in like manner the strata of another 
system, which sliould result from another c})oeIi of disturbance. 
M. Agivssiz produci'd, as an example of sudden destruction, a draw- 
ing of fossil fislies cTouded togt tlu*!* in a very eonfust d manner, 
sucli cis (‘ould only have aristni from an iustantiincous cahustrophe, 
aiTesting them, as it were, in a moment. 

M. Agassiz then, at tin? reqiu st of Professor S(algwick. explained 
those charactci-s, such as the jmsition of tlu' hns, the amngement 
and size of the seah‘s, &c., by whicli tlie lislus of different geological 
eras may be distinguished, referring especially to those of the old 
and new red sandstones. 


1. On British Fossil Astacidae, their Zoological and Geological Re^ 
lations, 2. On British Bekmnites, Bg John Phillips, F.R,S-t 
Professor of Geologg in King s College^ London, 

I^The leading results ol tlicse t\vo communications, which form 
part of a general investigation of British organic fossils, undertaken 
at the reijuest of the Association, will be given in the next volume 
of Transactions,] 


Notice of a newly discovered Tertiary Deposit on the Coast of 
Yorkshire, By John Phillips, F,R,S,y ^c. 

Two hundred yards north of the harbour of Bridlington, near the 
situation where Prof(\ssor Siidgwlljk and tlic author and other ob- 
servers had sfxsjjected and lookeerfor tertiary beds, a wasting of the 
low cliff had disclosed to a small 4jxtent layers of greensand and 
clay, both, but especially the fonner, containing shells, &c. Diluvial 
clay and pebbles cover and partiall€«r;onfuse this^deposit. Of 55 
species of fossils from these beds, wlMi are in IVf^, Bean’s cabinet 
at Scarborough, a very small number ^bur) belpigs to the crag, a 
very small number (five or six) to rec3fc specielf and the greater 
proportion is extinct. On comparison of Ike facts known concern- 
ing this deposit, the crag, the Touraine beds, and certain other fo- 
reign tertiaries, I^rofessor Phillips founded an argument concerning 
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the limits of error in the application of Mr. Lyell’s test of the age 
of tertiary formations by the numerical relations of the species of 
fossils which they contain to recent forms. It appeared to Pro- 
fessor Phillips that these limits were wide, and that a method of 
such power and value must not be applied without great caution. 

A letter from Charles Lyell, F.R.S., Pres. G.S. to Professor 
Sedgwick, on the fossil shells of the Suffolk Crag, considered in 
two divisions, according to the views of Mr. Charlesworth, was 
read to the meeting. 

Acvoimt of Posail Trees in the attittnJc of growth irUfie Coftl Measures 
mar Glasgow, Ihf James Smith, F,R,S,<, of Jordan Hill, 

Thc^ trees in (piestiun were diseov(*re(l at Palgray Quarn% inime- 
(liati ly adjoining the iKiueduct over the Kelvin, about three" miles to 
the north of* the city of (Glasgow. 

Tin; (|uany abounds in tini usual coal ]>lants, laid horizontally ; 
in oue }‘art of it a number of trees vv'ere found standing in an up- 
right position, throwing their roots out in all directions, to all ap- 
pearance in the attitude in which tln^y grew, without fracture or 
disturbance. They rest upon, and an; imbedd(;d in, strata of sand- 
stone, wliicJi are Iiorizontal, or nearly so. The stems terminate about 
two i’('et above tln^ roots, the su])erincumbent bed of stone passing 
over them as if they hail been cut off They are about two feet 
and a half in diameter, and are placed as near each othi'r as trees 
of the same size, could grow. No internal structure was observed, 
but from the ramification of the roots and of fragments of branches 
found near them, and tJie external appearaiice of tlie bark, which is 
channeled or furrowed, the author presunies that they were dicoty- 
ledonous. 

On certain Fossil Plants from tlve opposite Shores ^ the Bristol 
Channel, By the Rev, David Williams, F,G,S, 

These fossils were collected by the author in Devonsliire and Pem- 
brokeshiri^ from shales alternating with anthi-acitic coal {culm) \ 
and he states that, after a careful examination, he was led to con- 
clude ])ositively that the strata of the ti'ue localities belong to very 
different geological aeras, that of Devon extending from Bideford to 
South Molton, being a true ‘ transition’ coal, imbedded in ‘ transi- 
tion’ schists, and that of Pembrokeshire and Caermarthenshire be- 
longing to the coal-measures above the mountain limestone. On the 
similarity of these||)laiits found in formations of such different age, 
the author found^bjections the hypothesis of secular refrigera- 
tion ; and the spMulation tKftt the atmosphere in early geological 
periods was chared with ^fjjreater quantity of carbonic acid gas ; 
and proposes the case as 'JTleast an exception to the law, that strata 
may be identified by their imbedded organic remains. 
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On the Sunset/ of the Mersey and the Dee. By Captam Henry 

Mangles Denham, R. N.y Resident Marine Surveyor of tJte Port 

of Liverp6ol. 

Captam Denham exhibited his trigonometrical survey of the 
Mersey and Dee, including the extensive sand-banks and channels 
of Liverpool bay, which, being delineated on the scale of four inches 
to the mile, afforded a detailed development of the submarine undu- 
lation, illustrative of his remarks on the action of the tidal stn^am in 
connexion with those differently shaped estuaries. The self-choking 
effects of the Dee, with its expansive mouth and gradual contraction, 
resembling a lat^al section of a cone, were contrasted with the 
scouring effects o^he Mersey, its contracted moutli and attenuated 
throat resembling a lateral section of a bottle with its neck pointed 
seaward. To this figure of the estuary of the Mersey, Capt. Den- 
ham ascribed the impetus of its expansive back-water, which has re- 
cently forced a channel of half a mile wide, and two miles long, and 
twelve and thirty fet^t below the low-water level, through sands, 
situated eight miles outside its coast-line confines, at n tangent to its 
regular course. Thus a most valuable and unexpected channel has 
been produced for navigation, and a compensating escape provided 
for its waters at a time when an injurious di'posit was taking place 
across its usual path, where tlie efforts of tin* ebb become (*vanescent. 
The position w'as ascertained by Captain Denham to be fourteen miles 
below the docks, or tidal straits, where the first impulse amounts, (and 
continues so five hours out of six) to five miles per hour ori spring- 
tides. The form of this channel corresponds to the contour of in- 
cidence and reflection throughout its whole course, and indicates the 
exhaustion of the velocit^y of the water by expansion in the propor- 
tion of to 25. It proves also the certain powei of the Mersey to 
command a navigable avenue to the ocean, so long as its guardians 
preserve the high-water boundaries from artificial contraction. 

In the course of his professional duties, Capt. Denham pro})Oses 
to himself a further investigation of the proportions of silt, &e. held 
in suspension and gnwlually (h posited, as well as a (letcrminatioii of 
certain peculiarities in the vertical range of the tides with reference 
to atmospheric elasticity. He has already, by the liberal arrange- 
ments of the dock-trustees, been enabled to connect a series of ob- 
servations, even to jive-mimite grades^ during the twenty-four hours. 
From these, by extensive tabulary interpolations, the half-hourly rise 
and fall upon every stage of the moon was deterujined, and the ma- 
riner enabled at a glance to know what water existed in excess of 
his chart, and hence when certain subsidiaiy^ channels were passable, 
or the several banks might be crossed. He hart thus ascertained 
the tidal establishment^ or the tiine'^f high-wfeer upon full and 
change of the moon, and determined alipther coiwaiit proportion as 
a standard — for graduating future tide-^ige opCTations, for testing 
soundings hereafter, for fixing a point w departure for engineers 
when hwelling eminences, canals, railroads, &c., — ^viz. the oscillating 
point, or mean centre which every six hours Is common to neaps 
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and springs, and quoted by seamen generally as the half-tide 
marli. Capt. Denham is not as yet prepared to state whether 
some small constant difference might not be found as to the instant 
of the half-elapsed time of spring-tide, high and low water, and that 
of neaps, producing the actual half-range of tide to inches \ but so 
satisfied is he of a clostT approximation than is generally allowed, 
that, though he would never propose to adjust soundings to that 
half-tide levels becaust‘ the mariner would have to mak(^ variable 
allowances to ascertain the least water he was to expect in the 
channel before him, yet he would suggest for scientific and frequent 
practical references the desirability of engraving on some rocky 
spot of every harbour, and sheltered portions of coast, the well-de- 
fin(‘(l half-tide levels dated; for, on the assumption that such a 
lev(’l is (no matt('r what the whole amount of rise and fall differs), 
in the sanu^ latitude, equidistant from the earth's centre, thou we 
ha\ e a standard of obvious importance to science. By reference to 
this constant level thos(^ (yscrepancies may be adjusted which attend 
(‘ijgiiie(‘i ing operations, designed to cooperate on opposite sides of an 
isthmus, wIku'c th(‘ vertical range differs, and either high or low 
wat(‘r level separatelg be started from, instead of the mean centre 
of vffch rangv^ i.e. ha If -tide level. 

Th(‘ Uev. W^f. WiiEWELL made the following remarks for the 
j)m’pos(? of exemplifying tJie application of physical science to geo- 
logical researches. 

1. I'he permanences of the level of mean water, which Capt. 
Denham has r(‘cently by trial at Liverpool, suggests the. 

])ro])(‘r mode of making such observations on the permanence of 
the relative h^vel of land and sea, as were formerly rr^comnumded 
by the Association. In tidal seas * the level of the ocean must, 
for such a })urj)ose, be (*stimated with reference, not to the height 
of high or of low wat(*r, which is variable on many accounts, but 
^o flu* heiglit of mean mder. This mean water is to be obtained 
by taking at least two high waters and the intervening low water, 
or two low waters and the intervening high water. A very few tides 
will give a near approximation - to the true mean level; but the 
inort' thei-(' an^ tak(m, the more accuracy will be obtained. This 
mean level must, of course, for the purposes now spokeu of, be re- 
ferred to some durable, mark in the solid ground. 2. The plueiio- 
mena of terrestrial magnetism, being apparently connected with the 
internal constituti<m of the earth, are of interest to the. geologist. 
According to the wst recent researches of Hansteeii the earth has 
four magnetic poleW all of them revolving in the neighbourhood of 
the geographical p«es ; and the periods of these revolutions arc re- 
spectively about 4»)0, 1740, i300, and 860 yeai's. These times, 
though long as hisMrical penods, are short compared with many of 
those cycles of wlimh geol^cal researches and astronomical calcu- 
lations prove the existend? ; and it is impossible not to feel a great 
curiosity respecting the nature of the subterraneous changes which 
take place in such periods. It concerns the geologist therefore, no less 
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than the physical philosopher, to fuiiher the progress of our know- 
ledge of terrestrial niagnetisiu. 3. The heat of the interior parts of 
the earth has always been treated of by those who have established 
the theory of heat upon mathematical principles. Tliey have 
hitherto considered it as proved, upon such princi])les, that tlie in- 
crease of teinperatun^ of the. substance of the earth as we descend, 
proves th(' reality of an original heat. But M. Poisson, in his 
Theorie de la Chalcnr just published, dissents from this opinion, and 
is disposed to assign another reason for the higher b'lnperature be- 
low the surface. He observes that the cosmical regions in which the 
solar system moves have a proper temperature of their own ; that 
this temperature may be different in different })arts of the nnivcTse ; 
and tliat if tliis be so, the earth would be some time in acrpiiring 
the temperature of the part of space in Avliich it has arriv(‘d. This 
temperature will be propagated gradually from the surfact' to the 
interior parts. And hence, if tlie solar system moves out of a hotter 
into a colder region of space, the part of 4lie eartli below tlie surface 
will exhibit traces of that higher temperature which it had before 
acquired. And this would by no means im])ly that the increase of 
temperature goes on all the way to the centre. Though these opi- 
nions may not gain the assent of geologists, it may b(‘ proper that 
they should be aware that such have been promulgatofl. 


On the Geographical Position of Cape Farewell. I3g J9r. West. 

The chief object of the memoir was # show, That Cape Farewell, 
so named by Davies in 1585, is not, as stated by Egede, Crantz, and 
Giesecke, on the island of Sermesok, but on another island many 
miles to the south-east of it ; — That Staten Hoek is not, as gem^rally 
laid down in cliarts, a promontory on the southernmost extremity of 
the main land, nor yet, as stated in the Edinburgh Review^ (No. 59,) 
an inlet^t but that it is identical with Cape Farewell, and rcice.ived its 
name, w’hich signifies i\\Q States* Pronwntory^ from the Dutch na- 
vigators. Dr. West also showed that this fact, though now appa- 
rently quite unknown in these countries, w^as understood and plainly 
stated nearly ninety years ago in an English w’ork, Drage s Account 
of the Voyage in the California in 17^6 and 1747. 

The memoir w as accompanied by a copy of Graah s Chart of 
Greenland, the latest and most correct extant, from which it appeared 
that Giesecke, in his account of Greenland in l>ewster’s Edinburgh 
Cyclopaedia, and in his map of that country ii^’^he 14th vol. of the 
Transactions of the Royal Irish Academy, lias^^laccd the island of 
Sermesok nearly a degree too much to the sciPth ; that no part of 
the main land could possibly be seen from the ^en sea to the south 
of the coast of Greenland ; and that tlm island Kost to the south of 
the strait Ikareseksoak is the only one ^ which is a cape answering 
to the description given by navigators orCape Farewell. 

Dr. West concluded his memoir by expressing his opinion that 
Captain Graah, by his having satisfactorily ascertained that therje 
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was no trace whatever of’ a colony on the east coast from its soutliern- 
most extremity to lat 65° 30', has completely established the con^ect- 
ness of the opinion of Eggers that the (Esterbygd, or eastern settle- 
ment, was situated on the south-west coast, in w'hat is now Juliane- 
shaab’s District; and that it received its name merely from the fact 
of its being to tlie east of the other settlement, the Vesterbygd. 


ZOOLOGV AND BOTANY. 

On the Principles of Classification in the Animal Kingdom in ge* 
neraU and among the Mamnudia in particular. By Professor 
Agassiz. 

AJtliough the princi])al groups of animals are impressed with 
such characters as to be easil}' recognised and to admit of little 
doubt, yet their order and succession have been determined by no 
general principle. This appears from the discrei)ancy in the j^osi- 
tion assigned to them by the most eminent systematists, each of 
whom has assurntnl arbitrarily some organ or system of organs for 
the. basis of his arrangement. Erofessor Agassiz, after adverting to 
some (jennan naturalists who alone liave sought after a general 
principles which should be satisfactory to philosophic natural- 
ists,” passed in review the classes of the animal kingdom, each 
of which, he stated, exhibited in an eminent degree the develop- 
ment of some one of the animal functions. While Vertebrate ani- 
mals (with Man their type) arrive at the greatest perfection in 
the organs of the Senses, the Invertebrate offer in the class of 
Worms the representative of the system of Nutrition, in Crustacea 
of Circulation, in Insects of Respiration, and in Mollusca of Genera- 
tion. The Professor next proceeded to demonstrate in what man- 
ner each subcluv^s of vertebrate animals derives its jieculiai' charac- 
ter from some one element of the animal ceconomy. 

This predominant element is the bony skeleton in Fishes, the mus- 
cular structure in Reptiles, the sensibility of the nervous system in 
Birds, and the perfection of the senses in Mammalia^ which there- 
fore reproduced the distinguishing character and constitute the type 
of vertebrate animals. He next shouted that each of tlie other sub- 
classes of the higl^r group is represented among the Mammalia 
along with its owri||eculiar type. He explained his reason for the 
fourfold division \»ch he had adopted in the subclass, pointing out 
the close affinity wich connects the Ruminantia^ the Pachyder- 
mata, the RodentiamhQ Edentata^ and the herbivorous Marsupialia^ 
(in none of which wthe true canine tooth developed,) w^hich he con- 
siders as forming Msingle group ; in another he unites those cha- 
racterized by the {ffesence j(F the canine tooth in its proper function 
(as an instrument of numtion, not merely of defence), viz. the 
Camivtrra and those Marsupialia which partake of their character, 
the Qtiadrumana. The Cetacea form a group in themselves ; 
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aiuf Man another. The manner in Avhich tliese represent the sub- 
classes of Vertebrata was exhibited by the comparison of 

Cetaceciy with Fishes, ^ 

JRumviantiay &c. Reptiles, 

Carnivora, See. Birds ; 

M'hile Man is tlie perfection and type of the iiiamniiferous confor- 
mation. 

Prof. Agassiz then applied this ])rinciple to ilhistrate the order 
and succession of the groups in Mammalia by a refiT(‘iiee to the or- 
der in which the fossilizi'd remains of the Vertebrata occur in the stra- 
titied deposits : 1. Fishes, 2. Reptiles, 3. Birds, I*. Mammalia. From 
the same <‘onsi(h‘ratioii rt'sults the following arrangenn^nt of the re- 
pres(Uitative grou})s among tht‘s<' last: 1. Cetacea^ 2. Ihtminaatia^ 
3. Carnivora^ I. ]Man, who thus in a twofold aspect becomes 
the culminant point of the animal cn'ation. 


Observations on the Zoology of the Island of Rathlin, off the North- 
ern Coast of Ireland, By James Drummond Marshall, 

M,D. 

The zoology of Rathlin does not offer any new species in additiofi 
to those hith(*i*to found on tli(‘ o])positc coast of tlic county Antrim, 
and this notice was laid before the Association rath(*r to mark tin* 
habitats of some species than to add anything to what is already 
known. 

The only Mammalia fre(pienting the island are, the Nor^vay Rat, 
the Common Mouse, the JShrew Mouse, and the Hare. The latter 
is but rarely seen, and not being a})I(i to procure a specimen, the au- 
thor cannot say whether it is the hare of (Ireat liritain or that 
lately ascertained to be a species, or rather perhaps a variety, pecu- 
liar to Ireland. 

In Ornifhology,^o far as the author could asec^rtain, there are about 
60 species, comprising 32 land and 28 water birds. From the situation 
of the island, its precij)itous cliffs, and the conse([U(‘nt facilities for 
incubation, many speci(*s of water birds choos(‘ it for a summer re- 
sidence. The most common species are the Laras Rissa, Laras 
argentatns, Laras Can as, Alca Torda, Fratercida aretiea, Uria 
Trade, Uria Grylle, PhaUunroeorax Carbo, Pha^'»crocorax cristatus. 

Although all the abovc-numtioned species plentifully distri- 
buted, the Zwr?/,? Rissa, or Kittiwake, is by far most numerous ; 
every headland round the northern shore of thc%land was tenanteci 
by tliis common though beautiful species. In c ^pany with it wcjrc 
found the Alca Toirla, Fratercula arctica, a $ Uria Trade, all 
living in harmony with each other ; the Puffins i 3 cupied the earthy 
patches wdiich here and there occurred B^ween uie basalt and linie- 
st()ne of which the rocks are chiefly composed, while the three for- 
mer temanted every pinnacle and ledge of rock not otherwise oc- 
cupied. The Uria Grylle inhabited one of the headlands on tlni 
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southern extremity of the island ; but their numbers were by no 
means equal to those of th('. Uria Troile or Area Torda, The my- 
riads of fry of different species of fish, particularly the Launce^ or 
Sand-eel, furnish an ample supply of food to the various sea-fowl 
frequenting Rathlin. 

The Fishes of tliis island do not differ from those found on the 
northern shores of Ireland. One of the most common species is the 
Coal-fisli ( (iadus carhanarius). This on the Irish coast is called, 
in its different stages oi' growth, Pichoc, Plochan^ Glasluiii^ and Grey 
Lordy and coiT(isponds, according to Dr. Neill, to the Sillock and 
Pillock of Shetland, the former name being applied to the fry, and 
the latter to the fish when a year old. 

Th(‘ ('od-fisli is but rarely procured, there being but one cod-bank 
(which is called Skirnaiv), lying between Rathlin and Isla in Scot- 
land. 

I'lie Lithe, Ling, Plaice, and Turbot are occasionally caught ; and 
during summer tlie Gre y Gurnard and one or two species of Wrasse 
ari^ ))lentiful round the shores. 

The Fiftcen-spined Stickleback ( Gasterosleus spinackia) has been 
found in the pools on the shore, and in the rivulets and ponds the 
Short-spinc'd Stickleback (6r. hrachycentrus). 


Notices of (he Geoyraphical Ra^igc of certain Birds common to rr/- 
rions Parts of the World hut principally to India and Europe* 
By Lieut.- CoL W. H. 8ykes, F.R.IS. 


Circaetus brachydactylus, Vieil 

lot 

Aquila chrysaeta 

Falco Tinnunculus 

Chicquera 

Circus cyancus 


} 

{ 


Rtrix Javanica 


{ 


A Swallow hardly distinguishable] 
from H. rustica^i Europe ... J 

Alcyon Smyrnem% 

Alcedo ruxlis A. 

Muscipeta (longtlwd white and! 
chestnut) M J 

Collurio Excubitm < 

^ / ] 

Oriolus Galhula -J 

— melanocephalus 

Cape Thrush (^Ixos Coffer),,, 


India and France. 

India and Europe. 

India and Europe. 

India and Cape of Good Hope. 

Europe, and only sliglitly differ- 
ing in India. 

India, Java, and Cape of Good 
Hope. (Very like Strvx; flam- 
mea of Europe.) 

India, 

Smyrna and India. 

Dukliun and Cape of Good Hope. 

South Africa and India. 

Europe and North America. A 
species or variety in India very 
slightly different. 

Europe, India, and Cape of Good 
Hope. 

India and the Cape. 

India and the Cape. 



70 


BRITISH ASSOCIATION. — 1835. 


Ixosfalcahts Dukhiin and Philippines. 

Lesser Whitethroat T 

Bmbftes eitreola 

Stoiieclmt 

Phauicura Siuvica i ^ i t i- 

Emberiza melan<wephala f 

hortfthitut 

Common Sparrow 

Pm(or roseus ^ 

Coracias Itidica Imlia and the Cape. 

Hoopoe (not of Europe) Cape and India. 

Leptosomtts afvr Ca}>(‘ and Dukhun. 

Cncnlus faqax I ,, . , . i , , 

Duklmn. 

Cticohfs vaoot'Ks Kiir4)pc and Dukhun. 

Ciit/ii/ris tiuntcorut Caju' and DidJnin. 

— Mahrathiii^is Pliiiipj)in( s and Dnkl'.nn. 

(,'<)lhn)h(t risoruf Seiieirak India. 

(PfUis India, C'hina, Kuro[)(‘. 

Peafowl Wild in India. 

Common Fowl Ditto. 

rC liina. India. (’a]a-, .\ral)ia. IFu- 

Cotjt.ruix iifict>il(Siifi(n>s <[ i)aiy, Fiiiuja . ( NOt niii^ratui N 

L in India ami tlu' Cape.) 

Plernchs cxa^^fus \>ia Minor, India. 

rrancohuKs spadfccus ^Ia<liiLra<ear and bidia. 

r ('ommon to India, tl'e C’a})e, and 

\’(!ral species ol Ht ruiis <} Europe, or to two of those 

L countries. 

The Sacred 11/is of Eixypt is bi:lie\c(l by Col. Syk(s to be the 
same as the Indian Ibis. 


Ibis falcinelliis 

(rreen Sandpi})er ...'] 

M ood Sandpiper ... > 

Common Sandpiper J 

Totunns Ochropvs 

Common Snipe... | 

Jack Snipe j 

Rhpncha'fi 

Pelidna Tetnminckii 

Jacartu 

GaWnala 

Porphuris 

Coot 

Cursonus Asiaticus 

Golden Plover 

[[immtojjm melanopterus 

Anas sf.rtpera ■) 

Rhl/twhasjns virescens ^ 
Marcai Jistularis J 


.Ei\ro]M‘ and India, 

.Common to Europe and India. 

.Hudson’s Bay and India. 

.India and Europe. 

.Caj>e and Ind^. 

.India and Fni^pe. 

.China and InK?i. 

.Java and Indi^ 
.Madaga.scaraiT India. 

.Europe and IKia. 

.India and Cajt 

.N. x\iut^rica, l^irope, India. 

.Java, fkdia, Europe. 

India and Europe. 
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Qmrquedula circia 

Crecca 

Fuliffula rvfina 

cristata . * . 


Sternu Anf/llcn 


...India and Europe. 

' North coasts of Great Britain and 
Dukhun, 100 to 200 miles in- 
I land, and 1800 feet above the 
‘ sea, with similar clianges of 
]3luuiage from summer to win- 
ter. 


Besides the instances of identity a]>ovc quoted from s])ecimciis in 
Colonel Sykes's ou n ea])in(‘t, others are mentioned of sueli dose ana- 
toyy as to rend(*i- tliei " <|)(‘eilie. dilier('ne(i extrt‘m('ly did)ious. ]\Iany 
s))eeie'^ of birds of dalte.rtait natural groups and habits arci thus proved 
to liave :\n ('\te?wiv<^ geographical range, under Cf)iisid(a'able ditr'er- 
(Micu's of mean temperature. Di'ducting those speciris, wliich do 
oi* may lx* imagined to migrate from one region to am)ther, there 
remains abundant < videne.cs dcTived from continually resident birds, 
tliat som(‘ liirds li\(‘ in India with a mean tcni]). of 77 ' to S2'^, and 
in Britain with a mc‘an temp, of Connecting tlu^se facts 

witli tln‘ oi‘ tigers living m‘ar tli(‘ limits of ponpetual snow, 

and ('lephants and liniian birds }>raving our winters, Colonel Sykes 
concIiid(‘N »h:it •uk })o\ver of aeelimation jmssessed by many birds 
mill otlu'c aiiiinais very e,onsid(‘rai)le, and eapaldc of useliil^ppli- 
catiou to a (jiu'stion of practical imjiortauce, viz. the iicce>sity of 
t'lnploN ing artitieial lieni gi'iierally in our vivariums, and to the cu- 
rious geological ju’ohlein of tin; climate of tln^ gloix* when clepliants 
and tigers were inhabitants of the northern zom^s. 

[Captain Jamks Boss, in corroboration of tlu se views, stated that 
the Stone(.‘li;it, VV'hitetliroat, ami Golden Plovt'r we re inlialiitants of 
Hudson's Bay, and that the Raven also occurs in the Aretie. Circle, 
witluiut being subji'ct to change of ])luuiage.] 


On t/ic Infra- Orbital Ca cities in Deers and Antelopes, By 
Dr, Jacob. 

[This papt'r having been drawn up in compliance with a recom- 
mendation of the. Association, will be ])riuted iu the next volume 
of Traiisaetions.] 

On a Mode^W preserving Echinodermata. By the Rev, 
CiiAKLEs Mayne. 

In tlie year 182J being at the soa-side, Mr. Mayne collected many 
Echini for exami'Ption ; and the house not being large enough to 
afford liim a sepaime rooj^ he used chloride of lime to prevent in- 
convenience to the family from tlie smell. He soon jxTceived that 
the Echini steeped in the solution did not lose their spinels ; he ac- 
cordingly tried to preserve them with all their spines on, and sue- 
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ceodeil coiuplotely. He has since tried this })roce8S witli many 
Echini and small star-lish. The prejiaration should not be so strong 
as to act sensibly on the. surface of the crust, as in that case he found 
tliat the spines would fall ofi'. 


On Peiitacrinus Europa^us and a Species of Beroe taken in Duhlia 
Bap, By W.ViWA.. 

Specimens of tliese were exhibited to tlu^ Mec'ting. Tlie Beroe 
has been examined by Mr. 11. Pattia'son of B(‘lfast, wlio tiiuls it to 
be a new species of the g(*nus Pleurohrachia of Fleming. It has 
been also taken in Larne Lough, Antrim. 


Account of a Toad fou?ul alive imbedded in a solid 3lassof Xeir Red 
Sandstone, By T. L. Goocn, Resident Enyineer on the London 
and Birmingham Raihvay, Communicated by 3Ir, Si'L'kc;k. 

The following is an abstract of the statements contained in tliis 
communication. 

In the (‘xcavations for tlie London and Birmingham Kailway, in 
tlie Park Gardens at Coventry, the earth was opened to a dt pth of 
eleven feet on the Kith of June 1835; the section presented soil 
eighteen inches, mixed sand and clay three fet‘t, masses of n'd sand- 
stone, «oin(‘what sevennl by ‘ backs’ and fissures, but recpiiring the 
use of iron bars, and occasionally powder. One of these masses, near 
the bottom of the excavation, having its thrtK* dimensions ('ighteen, 
fifte(‘n, and five inches, being lifted and thrown towards a wagon, 
fell on the ground and broke nearly through the centn^ ; the divid(‘d 
parts lay about an inch asunder. One of th(‘S<' fragments having 
l)een thrown into the wagon, a Toad was obs(*rved in a cavity or 
cell in the face of the remaining fragment, and was projeet('d theiici^ 
in cons(^(|uence of the workman kicking thci stone. Th(‘ otluT frag- 
m(*nt of stone being reapplied to its fellow, it was found that an 
oval cavity existed in the centre, whicii had no visible communica- 
tion to the surface. 

The cavity of the stone in which the Toad i^ said to have be en 
imbedded was lined witli a thin black deposit ; on one side of the 
cavity, which was more rounded tlian the othoL this deposit was 
most visible. p 

The colour of the Toad was at first bright brti ; in ieu minutes 
it had grown almost black : it seemed oj)pressi] 4 and gasped fre- 
quently ; was rather under the usual size, but pin kp, and apparently 
ill good condition, but seemed to have been inju (w on th(‘ head. It 
was replaced in the hollow of the stone, the crack 1 jiving been stopped 
with clay, and died in four days. 

The Rev. Dr. Drummond stated that,^irom observations lately 
made by him, the Gordius aquaticus seems to be viviparous. 
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On tfw Action of JLighJt on Plants, By Professor Daubeny. 

Professor Daubeny reported the progress which he has made in 
his experiments on this subject since 1833, when he communicated 
tlic results obtained up to that time to the British Association at 
Cambridge. At that period he had ascertained that the quantity of 
carl)onic acid decomposed by a plant was in proportion, not to the 
chemical or heating influence of the ray transmitted to it, but to its 
illuminating power : he has since found that the functions of ex- 
Ijaling moisture by the leaves, and absorbing it by the roots, depend 
upon the same law ; with this diflerence, however, that, provided 
sonui light be present, a body radiating much heat will serve as a 
substitute lor oncj transmitting a greater degree of light. Thus, a 
soluti(m of ammonio-sulpliate of copper, which absorbs and conse- 
(puuitly radiates much heat, is nearly as efticient in causing the ex- 
halation anti absor])tion of moisture as glass, which transmits the 
entire spt^etrum ; and in proof that this does not depend upon any 
])(*culiar i)()wer residing in the violet ray, water obscured by ink, so 
as to produce an etpially feeble illuminating effect, was found, in 
consequence of the lu'at it radiated, to produce an equal degree of 
exhalation. Yet when the plant was covered over by opake bodies 
radiating much heat, the amount of moisture exhaled was ver}’ in- 
considerable. 

Prof(‘ssor Daubeny has employed, in his experiments on plants, 
the light emitted by balls of lime ignited by the oxy-hydr^en jet, 
but could not discover that it exerted any influence on the quantity 
of moisture exhaled by them. 


Ohserimtions on the Structure of Horizontal Branches of Coniferse* 
By William Nicol. 

In a paper on the structure of recent and fossil Coniferte, inserted 
in Professor Jameson’s Philosophical Journal for January 1834, the 
author gave an .^^count of a vciy striking difference he had observed 
in the structure • the opposite sides of a piece of the wood of Taxo- 
(Hum disticha. we pith was much nearer one side than the other, 
and the narrowcMwas of a paler colour than the broadest side. The 
narrow side sho^^l the usual structure of the true Pines in all the 
three principal Ations, but the broad side in the transverse sec- 
tion possessed a Aater degree of solidity than the narrowest side, 
and in both the iBgitudinal sections the vessels were filled with de- 
cussating fibres, aw the discs were not only more sparingly bestowed 
but were also sm»er and more obscure than those occurring in the 
other side. At tA time this wooil was examined he did not know 
whether it was awrtion of* a stem or a branch. He has since as- 
c(‘rtained that it ^as a h*zontal branch, and it then became inter- 
esting to determine whether the difference of structures was peculiar 
to the piece of wood in question ; whether it occurred in both the 
stem and branches of Taxodium disticlui ; whether it was peculiar 
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to that kind of wood; or whether it was a general feature in the ho- 
rizontal branches of other Conifenc. • 

The lii-st step in the investigation >vas to procure another branch 
of Tajcodium disticha. This he did last summer, and marked tlui 
upper side before the branch was cut off. The stnieture of this 
branch agreed in ever\^ respect with that of the branch formerly t'x- 
amined, and the pale-coloim?d or narrowest side was the u))])ermost. 
The next step was to ascertain wlu ther the stem of Taaodhan di^ 
slicha agreed in structui*e with the branchc's. For this purj>os(‘ the 
author requested Mr. James Macnab, of the botanic ganhai of Kdia- 
burgh, to bring him from America a portion of a stem. Tliis lie 
was so kind as to do last winter. The stem was live inclu's and 
three tenths thick in the longest dianu^ter. The ])ith was iieana* one 
side than the othm* liy thnv quarters of an inch. Thi' siirfaci^ of 
the cross section was of a uniform pah‘ colour, witli tlu‘ c\cc]>tioii 
of a spot surrounding the- pith nearly an incJi in diametia*, of a 
slightly darker shade. On examining a inimlx r of sections of tliis 
stem, they were all found to agret^ vith eonileroiis stians in genm'al, 
and showed not a trace of tln» structnn' oeeurring in tlu' undt r sidt' of 
the horizontal brancho. 

Having thus ascertained that in Taxodium disficJid the ditier- 
eiiee of structure alluded to was peculiar to tin* horizontal or in^arly 
horizontal branches, tin' third stt'p was to (U'termiiu' whether any 
other ^niferous horizontal hrancins agreed in struetun' with 
those Wf Taxodiiun disticha. With this vi(‘w Mr. Nicholas hitt ly 
procured branches of ten diift'rent spi'cii's of Pines, and has found 
tliern all agna ing in structure with those of Taxodltnn distiefnu The 
pith is always nearer the upper than tin; under sich'. Tin* up])er or 
pale portions have discs similar to those of tlie snans, and show no 
traei; of <h;cns.>atiiig iibres in the ve'«;s(.*ls or sjiaees containing tin* 
discs. The under or darker-coloured portions have fewer, smaller, 
and more obscure, discs than those contaiinMl in the uj)pi‘r jiarl, and 
the spaces between tin; vertical partitions in botli the longitudinal 
sections have decussating fibn s, which, however, are oft(*n tiin;r and 
more crowded than those in Taxodium dislichn, 

It may be right to nanark, that in coniferous h izontal branehes 
the pith is always more or less eccentric, and thati^h some instances 
the eccentricity is great. In a branch, for exaiVble, of the bhuik 
spruce, the cross section, which is somewhat ovi*e, has a vertical 
diameter of three inches and thret tenths. The ip. tance of tin* pith 
from the upper side is only half an inch, and frof^tlie under siile it 
is two inch<^s and eight tentlis. Tlujre are thirty diL* act annual layers 
in the underside ; but these thirty lay el's, when croTOed into the space 
of half an inch in the upp(;r side, are so minute thaB^hey can scarcely 
be enumerated. This, howev(‘r, is an extreme caP', tlu; pith being 
in general less distant from the centre. The braiiK es of some piiuis, 
particularly the larch, are nearly cylindri\l, but ^.ven in these the 
pith is always out of the centre. 

But although the ujiper and under sides of many, perhaps all, co- 
niferous branches, present a different structure, yet such a difference 
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is not entirely confined to the branches. In some few stems a similar 
difference has been seen in the opposite sides. In a stem of Pinus* 
Ccdrus^ for instance, one of the sides was of a pale colour, and had 
the usual structure ; the other side was of a darker colour, and had 
a structure similar to that of the under side of horizontal branches. 
Another portion of the* same kind of wood, however, was of a uni- 
form colour, and liad tliroughout the usual structure. A young 
stem of Pinus hiricia Iiad a structure similar to that of branches, 
and the same was observed in an upright stem of Ciqyressus semper^ 
rirens. 


Oil t/w Fannatioii of Wood. Pij Z>r. West. 

Dr. W<*st fxliihitcid a specimen of Bog Y(iw, in wliicli, from the 
nou-adlu*r(*!ie(i of two sucfu .ssive annual layers, tlie central portion 
of tli(' heartv.ood, though in close contact with the surround- 
ing portion, which c'<uistituted the greatest part of the bulk of the 
trees vas tliroughout its whole ('xtent ])erfectly distinct from it, so 
as to present tlie appearance of a small tre^e which had grown up 
through the centre of a large one, adapting itself completely to its 
(ravity. He consich'n d this singular phainomeiion to be the result of 
a sevens fiosr, uliieh iiad either frozen a very thin layer of albur- 
num, so as to (h'c^troy its vitality, and thus prevent the next-formed 
layer From adhering to it, or else, without al)solutely destroying it, 
had so ;\tfeet(‘d its interior surface, as to ])roduce the sanu‘ result. 
He ('xjU'essed a doidit whether this (‘xactly answered to the lesion 
calh^d by the Frcaich pdlvurc ; and produced a drawing, copied from 
one by Decandolle, of a section of a juniper trve aff*ected with that 
Itision, in wliicli tin* diseased. layer was of coinparativi'ly considerable 
tliickiK'SS, wherc'as in his speciimm there was no appearance what- 
ever of a dis('asi*d lay('r, however thin, nor any space where such 
could have He alluded also to aiu)ther lesion, mentioned by 

Duhamel, called rotdure, which consisted in the iion-adJunvuce of 
the annual layersAnd so far .apjiearcd to have a greater reseml)lance 
to the case iuid« consideration ; but foiMvant of a more detailed 
account he did ®t venture to pronounce whether they were iden- 
tical. He next e.«red into the consideration of how far tliis case, 
and still more tlX of Dccaiidolle's juniper tree, might be urged 
ill favour of Duxniers theory of the formation of wood, and 
against those of *candolle and Du Petit Thouars ; and remarked 
that at all eventMt clearly proved that the bark can form good 
wood, independeiiM’' of the aid of the alburnum. He further ad- 
duced the fact, thXtlie nodules of wood that are found on the trunk 
of the beech hav Always a layer of liber interposed between them 
and the alburiiun ■ and e^wessed liis opinion that this afforded an 
additional proof, At the^rk has, in general, if not the sole, at least 
the predominajit influence in the formation of wood. In this speci- 
men, the annual l%er formed after the occurrence, whatever it was, 
that prevented its adhesion to that of the preceding year, was as 
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thick and sound as any of those that were near it, though it must 
appartmtly have been formed wholly by the liber. 

Notice of a Yew found in a Bog in Queais County. By Charles 
William Hamilton, Honorary Secretary of tlw Horticidtural 
Society of Ireland. ( Communicated by Mr, Mack ay.) 

In this tree JMr. Hamilton was able to count annual rings or layers 
indicating a growth of 5 15 years. Yet so compact was the wood, or 
so close the layers, that the diameter of the trunk did not exceed a 
foot and a half, or its circumference three feet and a half. TJu* 
growth had been ver}" slow during the last threi^ centuries, for near 
the exterior there were about 100 rings within the space of one 
inch. 

Many years ago Mr. Mackay measured a yew trees growing on 
the island of Innisfallen on tlie Lower Lak(^ of Killarney, of nearly 
double the dimensions of the one d(*scribed by Mr. Hamilton, or be- 
tween six and seven feet in circumference. 


Notice of the Yew at Mucruss. By Dr, Litton. 

Dr. Litton had tried the age of the celebrated y(*w tree at ^Mu- 
ciniss by Decandolle’s test, and found that the result nearly agreed 
with the tradition. He exhibited a specimen of an oak tree blearing 
the impress of letters on the inner concave surface. 


Mr. Saunderson noticed a passage in an old Scotch history, 
which stated that the northeni part of Ireland wjis so much infested 
by yew trees that a great emigration of Irish took place in conse- 
quence, who, with their fainili(?s and cattle, went over to si^ttle them- 
selves in Scotland, the yew trees every year destroying their cattle 
in Ireland. 

On Bog Timber. By the Hev. Archdeacofi^VicsoLEs. 

The bogs of Westmeath are numerous, covert a considerable 
extent of the county. They almost invariablyj^hrescnt the same 
natural appearance, only some are much morc|hliickly imbedded 
with bog timber than others. In some of theii^ there are three 
layers of trees to be found ; and alternating \|f|^h them as many 
layers of peat from three to five feet in depth. »,|Chc trees in each 
layer appear to have arrived at maturity, and c|Md not have been 
coexistent. The specimen of bark exhibited waftlaken from a tree 
56 feet long; squaring from 2 feet to 18 inefis: it lay upon a 
heathy bed ; consequently where it fell the surfiPr^ was heath. It 
was charred from top to bottom. With Yery fe\»>xceptions, all the 
timber found .in the neighbourhood beal^. the ii^^ks of fire. The 
roots are rarely found attached to the tree, but likfiwise bear evident 
traces of having been burnt. They are of enoniijbus size. 
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Dr. Martin Barry communicated the result of some observations 
on the colour of the sky, as seen from the summit of Mont Blanc ; 
and expressed his conviction, that, while the depth of this colour 
appeared very much increased, as might be expected, from his ele- 
vated position, its peculiar tinge of black was in a great measure 
due to the contemporaneous reception by the eye of rays from the 
snow. He stated that the same effect has been observed by Boussin- 
gault in his attempted ascent of Chimborazo and other mountains. 


Cursor if Hemarhs upon some matters contained in a Letter cuMressed 

by Mr. William Hamilton to Mr. Packenham. By William 

ScniEDE, M.D. {Translated by Mr. Hamilton.) 

1 . "File Oxnlis tuberosa. is a plant of Chili, not of Mexico ; at 
least I Jiave nevtu' In ard of any plant of this genus with esculent 
roots lieing cultivated in tlie Mexican republic. The country 
abounds in wild speci(*s of Oxalis (the Xoxocnyullin of Hernandez), 
soiiK^ of which are aj)plied to culinary purposes in the same manner 
as the Sorrc'ls {llumex) of Europe. 

2. The Solanum tuberosum is, without doubt, a native of this soil, 
as has betui already published in the beginning of 1829. I have 
c<»Ih‘ctcHl siivoral vari(‘ties, which may, perhaps, prove to be distinct 
speci(js. Moreover, I have collectc(l among them one species {So- 
Innum oxycarpum^ Sehiede) equally tuberous, and in every respect 
akin to the S. tuberosum^ from which it differs in bearing pointed 
fruit. Notwithstanding which, the Papa, according to my researches, 
has no Aztec name, being known to the Aztecs by the name of 
Papa. Hernandez speaks of the Peruvian Papa\ which proves. how 
little ho was aware of its being a plant of this country. 

8. According to my observations, the Cevadilki is a new plant 
( Veratrum officinale, Schiede). Hernandez has described and fi- 
gured it very inditti'rcntly under the name of Hzcuinpatli, or Dog- 
kill(u\ It is a powerful anthelmintic, diuretic, antiarthritic, and an- 
tipsoric. I am aware of its liaving been emplo3 cd in the cure 
of hydrophobia. Vn the course of the last ten j^ears a new species 
of Veratrum { VM^jyilia, Sabadilla,) has been published by Des- 
courtilz, which h'fconjcctures to be the plant which yields the ce- 
vadilla of the slAs of Europe. In 1113^ opinion, this last plant is 
doubtful, and is ^ least distinct from the Cevadilla of this capital 
and of the shops Berlin. 

4. I am not aqjainted with the plant called Amole, of the pro- 
vince of Sonora. MV root is exposed for sale in the market-place of 
Mexico, under tB name of Amole, which is the Agave polymi- 
thoides of SchiedBor at least one nearly related to it. It is com- 
monly used for ^whing linen, in place of soap, as it abounds in an 
extractive and saBnacco^ principle. 

5. I do not kiiw the Mestrum MuHsii. If I mistake not, it is a 
production of SoiKh America. In some parts of Mexico they em- 
ploy in its place t|e sap of the Justicia tinctoria ; but I cannot say 
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whether or not its colour is as durable as that of the Cestnim^ hav- 
ing written a number of letters with it to Europe, which are couse* 
quently not in my possession. 

6. Should the HnelosochUy iiKmtioned by Mr. Hamilton in his 
letter, be the Yohxochid of Hernandez, I can pronounce it to be 
the Talaunm Mexicana of Jussieu. Its reputed medicinal proper- 
ties are most probably exaggerated ; and both the flowers and the 
seed are employed in this countiy in the cure of various nervous af- 
fections, and especially epilepsy. Yoloxochitl is an Aztec term im- 
plying the Flower of tlui Heart {Fhr del Corazoji). 

I shall conclude these remarks by observing, that several of tlie 
matters indicated, together with a multitude of others relating to the 
vegetable kingdom of Mexico, have been discussed in a German bo- 
tanical periodical ; “ Linn»a. Ein Journal f iir die Botanik in ihrom 
ganzen Unifange. Herausgogeben von D.F.L. v. Schlcchtendal. 
Berlin, Jahrgang 1829, et seqq.” 

Mexico, 28th December, 1831. 

Mr. Hamilton stated that he has lately received a pericarp and 
two nuts of the ct‘lebrated Pa/o de Vaca, from the vicinity of the 
farm of Barbula, spoken of by Humboldt ; but, unfortunately, they 
did not reach him in a state lit for vegetation, and w(‘re apparently 
too old when gathered. He has written for a further supply of 
fresher fruit, and specimens of various ages, together with the flowers, 
which have never yet been botanically examined. 

Below is a rude outline of the pericarj) and one of the nuts, of 
their natural dimensions. 


Pericarpii diameter equatorialis poll. 2 ; dianf j^olaris 1 J poll. 

He has also been favoured by Sir R. Kcr Port^tvith a few seeds of 
the wax-tree of Guyana, and a candle made froiKits wax. A plant 
raised from one of these seeds is now growing inQWtey’s nursery at 
Dublin, but has not yet assumed an arborescent ctu'acter. What this 
tree is cannot yet be ascertained ; it bei^ at pfeent little resem- 
blance to the genus Amyris^ to which it might >^erwise have been 
suspected to belong. 
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On the Mathematical Relations of the Forms of the Cells of Plants. 

By Dr. Allman. 

Having demonstrated the reciprocity of the five solid forms, viz. 
the sides and angles of the tetrahedron, the cube and the octohe- 
dron, the dodecahedron and icosahedron, the author endeavoured 
to reduce to coiTcsponding systems the forms of the cells of plants. 

Tlie dodecahedron and icosahedron, considered as respectively 
forming the cellular tissue, appear, from the natural consequences, 
well to agr(‘e with, and so far to explain, sundry exterior appear- 
ances in groups of plants also in structure reciprocal, the Exoyem 
and the Kmloycne. 

Tlie triangular solid angles of four ordinate dodecahedra may meet 
at a point, and leave exterior spaces; the (luinquangular solid angles 
of four icosahcdra cannot, without mutual encroachment, meet at a 
point, but must leave interior spaces. 

If it be reasonable^ that the tubes or fibres of plants, whose grou^th 
is always jjosterior to that of the cells, be arranged where most room 
is afforded, or where least pressure is fouiul likely to exclude them, 
tlie tube, or liuid of tlie tube, by the approximation to the sphere, or 
distension of the c< ‘ll, would be driven from the middle of the side to 
the (‘dge, from the edge to the solid angle. Five vertical planes 
may pass through all the solid angles of the dodecahedron ; three such 
planes may pass through all the solid angles of the icosaliedron. 

If the ct’iitral mass of approximate dodecahedra should be a little 
augmented before the tubes be established, the ordinate dodecahe- 
dra might easily pass into the rhombic, which are capable of form- 
ing, w ithout inteiNtice, a compact mass. For the solid angle (there 
being twenty Ij^e) of the orcliiiate dodecaliedron is fonxicd of three 
plane angles, each of 108® ; the triangular solid angle of the rhombic 
ilodecahedron (there being eight like, besides six quadrangular) is 
formed of three plane angles, each of 109® 28'; and this is the mea- 
sure of each of the three plane angles w hich fonn the central solid 
angle of the tetrahedron. The measure, also, of each of the four 
plane angles whtfi form the quadrangular solid angle of the rhom- 
bic is 70® 82', im measure of each of the four plane angles wdiich 
form the centravwolid angle of the cube : hence, six like solid an- 
gles accurately Cljet at a point. 

Two vertical pWes, pei’pcndicular to each other, may pass through 
all the quadrang>^r solid angles, and through four of the eight tri- 
angulars of this iambic, the four which remain being fomid in tw o 
other planes of ti^like direction. 

It perhaps willS)t appear too subtile to refer — ^to a central cellular 
structure approxi^te to tliis, the Olives and others, binarj’ in seeds, 
ovaries, stamens,|iorolla, calyx, branches, and leaves ; adding, per- 
haps, the Wall-Mvers and Celandines, somewhat reciprocal in the 
relative position B the tmphosperms, as referred to different views 
of the horizontal ■pntral Action of the same rhombic — 

To the rhombia structure, with a shell of ordinately dodecahedral 
cells, the Nightsh|des, the Periwinkles, and many others-— 
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To the dodecahedral throughout, Kahuias, Flax, \Vood*sorrel, 
&c. — 

To the dodecaliedral half-twisted, the brandies departing from 
the stem, in Horse-tails ; vaiying divisions in the flowers of Jasmine 
and Clematis, quaternary and quinary, as noticed in others by Linne, 
and easily corrobomted by many examples : 

To this altered structure in all tlie flowers, CetUunculus, JRa- 
dioltty Tormeniilla, 

In general, to the icosahedral structure, — approximately, how- 
ever, as >ve cannot understand icosahedra thus to mould eucJi other, 
— the Endogene races of plants. 

Dr. Allman briefly refers, as to a subsidiary solid capable of 
moulding, and of leaving within octahedral spaces, to the tetradeca- 
hedron, reciprocal of the rhombic, as the icosahedron is of the ordi- 
nate dodecahedron. Tlie four plane angles which form the solid 
angle of tliis fourteen-sided solid, together measure 30()‘\ as do the 
five plane angles which form the solid angle of the icosahedron. 
Four such (|uadrangular solid angles, with two fjuadrangular solid 
angles, each plane angle of 60®, as of the octahedron, accurately 
meet at a point. 

Notwithstanding, this solid seems admissible into the structure 
Exogency of which the exainpl(*s among plants are far more numer- 
ous than of the reciprocal Endogene* 

The author suggests its conformity to the s({uaro stimis and four 
exterior distinct packets of fibres in the Caigcanthi; viewed in 
diflerent positions, its indication of the ternary ovary, with the (jua- 
ternary exterior, in 8oap-trecs, and in Tropoiolum^ varied still more? 

All the other above-named solids (except the ordjinate doih'cahc- 
droii and the icosahedron) may be derived from two tetrahedra. 

Those of espial mean diameter, placed reciprocally at a common 
centre, have their envelope the. cube, their nucleus tlic octohedron. 

These last, of like dimension and })()sition, have their ('Uvelo]>c 
tlie rhombic dodecahedron, tlieir nucleus the tetradecahedroii. 

lletween the squares of the diameters of cireiv^ 'scribed and in- 
scril)€*tl spheres, the square of the mean dianiete^. in the tiitrahe- 
dron a geometrical, in the cube an arithmetical |.•^ tli(3 octohedron 
a harmonical mean. The continued proportions 9.3. 1.; 3.2. 1.; 
6.3.2. 


On the Fomuxtion of a Natural Arrangement of for a Botanic 
Garden^ By Mr. Niven. 

The principal object of this plan is to divide le exotic from the 
European plants by a serpentine walk, bringing ^ allied species in 


juxtaposition by the numerous cur>'atures. 




On Phtenogamons Plants and Ferns i^Sigenou^'to Ireland which 
are not found in England or Scotland. By Ir. Mackay. 

Mr. Mackay having been requested to present general report on 
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this# and other branches of the botany of Ireland at the next meeting 
of the Association, this communication is omitted, as well as other 
notices of the same nature by Mr. Babington, Mr. Curtis, and Pro- 
fessor Graham. 

Various other notices connected with the subjects of the papers 
were received from Dr. Coulter, Professor Graham, Mr. Curtis, 
Colonel Sykes, Mr. Fox, Mr. Waterhouse, Mr. J. B. Yates, Dj*. 
Traill, Mr. Ilaliday, and Mr. Marshall. 


MEDICAL. SCIENCE. 

Oh the Pcetdiarities of the Circuhithuj Ore/ans in Diving Animals, 
Ihj John Houston, 3LR,LA,<, ^c. 8^c. 

The circulation of the fluids in living animals, though mainly car- 
) icd on by tin; infliKuiee of the vital powci's, is nevertheless to a cer- 
tain (‘\t«‘nt amenable to th<^ general laws of hydraulics, (xravity, 
motion of the particles of the solids upon each other, thi^ respiratory 
function, pressure on the surface of the body, all, uiuhn* various 
modifications, ])roniotc or retard the movement of the fluids along 
their vessels. But of all the eollabunl circumstances exciting an 
intliKMice of this nature, th<‘ action of the chest and lungs appeal’s, in 
warm-blooded animals, to lx* one of the most important. Snspt'ii- 
sion of rtNpiration puts*i stop to the circulation of the blood through 
the lungs ; this fluid under such circumstances stagnates in the ves- 
sels Jeading to these organs, and cannot pass fonvards until air be 
fre(']y iviulniitted : death in a few moments is the iiu'vitabh^ conse- 
(jiieiKH* of such interruption. Animals living in atmospheric air 
cannot exist un(l'r a state of suspended respiration so long as those 
hose? natural habitation is the water. The most expert diver has 
iK'ver been kiunni to remain submei’sed for more than two minutes 
at a time, whilst it is well knowni that the whale can remain under 
wat(‘r for upwards of twenty. Now, the arrangement of the respini- 
““ organs in man and cetaceous animals, and the 

0 systems on each other, being the samt', though 
nding respiration with impunity are very dissimi- 
lire, on what does this latter diflerence depend ? 
the suspension to respiration which occurs in 
under water, there is another cause operating, 

1 in the ocean, to the prejudice of their circu- 
[s is never experienced by teirestrial animals, 
the surface of their bodies by the water, increas- 
mi the surface. A boat, as obsen’ed by Scoresby, 
bottom of the sea by a whale into wliicli a har- 
rame in a few minutes as completely soaked in 
d lain ^ the bottom of the sea since the Flood : 
ain tt^he surface, by the whale returning ‘‘ to 
L difficulty be got into the ship on account of 

its great weight ; 

if^ a fragment of it, when thrown into the sea, 


tory and circuiati.« 
influence of these* 
their powers of sui^Si 
lar, we naturally iilj A 
Independently m 
these animals wliiS 
wJien at great <iop; J 
lating fluids, suclijy 
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ing with the depth ™ 
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every pore as if it il 
after being raised B 
blow”, it could wBi 
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sank to the bottom like a stone. And are we to suppose that a de- 
gree of pressure under water, sufticient to soak in an instant every 
pore in the pUuiks of a large boat, was not felt by tlie animal which 
dragged it to such a depth ? There can be little doubt that the 
application of this pi*essure would rej)el the tluids from the vessels 
near the surface of tlie animal into those more removed from its in • 
tlueiiee in the deeper recesses of its body ; that, in fact, an effect 
woulil follow, tin* oj)i)osite of that which is protliiced in an animal 
wlien placed \inder tlie exhausted rectdver of an air-pump ; or such 
as occurs in peisons attaining so high an ehwation in the atmosplu're 
as to be freed from some of its weight, in whom the lilood is deter- 
mined to the surtaci*, producing giddiness, bleeding from tlu^ nose, 
cal's, lungs, <!ve. 

W'e may consider, therefore, that acpiatic mammalia can exist witli 
impunity during periods of snspend(*d respiration, and also und(*r 
degrees of ])ressiire which would be destnictiv(‘ to the lives of ani- 
mals of the same cla<s whose eleimmt is (‘xclnsively the atmosphere. 
And tiiis may b(* consideriMl still more remarkabh*, when it is recol- 
lected that during those periods of hreatlilessness and iinivi'i’sal ])r(‘s- 
siirt*, the voluntaiy and rajiid movi'inents wliich thesis animals perform 
when in ])ui*suit of tlie.ir prey, tend to urge! towards tlie lungs, where 
the principal obstniction exists, all tlu! tluids contained in the veins 
among tlie muscular structures of the body. 

Tile object of Dr. Houston’s conmiiinicadon is to point out tln^ 
provision on which these peculiar diving hiculties of such animals 
cl^end ; a provision be^autifully harmoni/ing with all our physiolo- 
gical notions, and admirably adapted to the end in view. It consists 
of reservoii's connected with the veins leading to the lungs, where 
the blood may tind a temporaiy resting-place duri^ig the period at 
wiiich the as]>hyxiated condition of these organs rO uses it transmis- 
sion thrfiugh tlie vessels. Dr. Houston exhibited n'^merous pri'para- 
tions and drawings (h'monstrating tlu*. presence* of this singular 
provision in the porpoise, seal, otter, great nortluTii diver, gamiet, 
Sec, Tiie veins principally concerned in these dilatations are those 
nearest the heart, the venai eavai, the venaej^ ’ .vje hepaticte, the 
jugulars, the veins of the spine, and those in theD’sterior regions of 
the abdomen. In the seal the venae hepatiooe fojp/' large bags in the 
liver; and in the same animal there is on the /‘k, and along the 
sides, and posterior part of the neck, a plexus /eins of such siz(‘, 
that, when they are filled with injection, the pi j ; lieiieath C(‘ase to 
be visilile ; the vessels ai*e as thick as the fin] and coiled, and 
heaped up on one another to an almost iner(^^de amount. The 
contrast between the condition of the venous /^stein in the great 
northern diver and that in the gannet, as exhil fed by Dr. Houston, 
is important in establishing the uses of these re^J woirs. 

The diver and gannet are both seafaring bini but differ remark- 
ably in their modes of seizing the fish oil^hich feed. The diver 
swims under water after its prey, and reJhains Vsuch periods long 
out of sight ; the gannet pounces on it like an ea fe, when discovered 
by its quick-sighted eye near the surface of th = water, and thence 
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carries it up to some dry spot, impaled on its long, sharp bilU As 
might be expected in those two birds of such opposite habits, the provi* 
sion of reservoirs for stagjiant venous blood is largely developed in the 
one, but completely absent in the other. In the diver the ven® cav® 
and ven® cav® hepatic® are dilated to a size equal to that of the 
same veins in the adult human body, and -there is, moreover, a kind 
of second auricle, designed to render the provision more complete ; 
whilst ill the gannet these veins, and all the others in the body, arc 
of the ordinary dimensions. 

Dr, Houston made allusion to the habits of pearl-divers, and offered 
a conjecture that in those individuals, to whom practice has given 
such a power of remaining long under water, some dilatation of the 
verifc c.avae and ven a* cavau hepatic® may be gradually effectuated, 
giving them their superiority over other men in suspending the breath, 
and approximating them thereby somewliat to the condition of aqua- 
tic mammalia. Tlie dilatations wliich arc known to take place in these 
vessels in sfirne varieties of disease of the heart, he adduced in evi- 
dence of the })ossii)ility of such an occurrence. 


An Account of a Variety of /^///r/^?V/(Cysticercns tennicollis) fcnind 
in the Omentum of an Axis Deer ; with Observations on its Pa- 
tholofjivai Chanyes. By John Houston, ^c. 

TJiis hydatid, varying in size from an almond to an orange, gene- 
rally single, sonu^times in connexion with another, lies in a smopjth 
membranons cyst b(‘twccn the layers of the omentum. Its head and 
bciily are in the living state inverted into the cavity of the Cttudal 
vesicle ; but immersion in te])id water they become Mfilible, 
and are alwayi found protruded and naked in hydatids which 
have undergon«death before the decease of the parent animal. 
Dr. Houston coi^ders that the inversion of the head is the natural 
condition, and that its eversion is the result of some irritation 
or of death. He also differs from most other helmintliologists, in 
being of opinionAiat the lateral depressions on the head, termed 
mouths, and visit A only to the microscope, are covered over with 
a thin pellicle, an^mneompetent, therefore, to the office assigned to 
tlu‘m, viz, that ol^fieing agents for the imbibition of nutriments, as 
lie found that squeezed from the vesicle in the direction of the 
head, protruded aS rendered convex the membranes of these aper- 
tures before maki3 its escape through them. Dr. Houston agrees 
in opinion with th*; who consider that the function of imbibition is 
carried oti by the wole surface of tlie little animal. From the ex- 
amination of the sp|bimeiis of hydatids which existed in great number 
and variety in thisl^e, the author has been enabled to de^^cribe and 
delineate the diffeint stages of the process of degeneration, to which 
he considers all sin anm^ are by their nature subjected ; and has 
arrived at conclusnis as m the seat of these degenerations different 
from those advancll by other authors^ He considers, That the .term 
allotted for the exf|tence of each individual hydatid ha^dng expired, 
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the little atiiiiial dies, and in the dead state comes to act as a foreign 
body on tlie cyst which contained it ; — That the cyst, thus irritated, 
falls into a state of inflammation, the effect^ of which are traceable 
through a variety of stages, to the almost total disappearance of both 
cyst and hydatid. The cyst first becomes thickened ; lymph is 
thrown out on its internal surface, giving it a roughened granular 
appearance. The hydatid becomes opake, and its fluid contents 
muddy. An adhesion, probably of a glutinous or mechanical nature, 
is established between the lymph and the exterior surface of the hy- 
datid. The fluid of the hydatid is then absorbed, and its empty 
bag squeezed up in the centre of the solidified tumour. At a period 
somewhat later all traces of the hydatid disappear, and the remaining 
mass consists of nothing but the altered cyst, filled with lymph and 
some curdy matter. The tumour diminishes in bulk, it becomes of 
a cheesy consistence, and tinalh" is converted into a small solid 
nucleus of earthy matter, devoid, iis it would appear, of any irritating 
properties. 

Dr. Houston differs from other writers in nderriitg the whole of 
the morbid changes to the cyst, and not to the contained hydatid, 
which he says is a])sor])ed in the progress of tlu‘ pha'iiomena conse- 
quent upon its (h'ath. He does not concur with thos(* who are of 
0})inioii that malignant and tubercular dis(*ases are of the nature of 
parasitical animals. No facts have hitherto been advancH'd suftieient 
to establish the j_)osition that any such discuses are, eitlu'r at their 
conuneiicement or at any subsequent period of their progn^ss, of 
such a character. No animal luis ever been seen of any definite 
shape ill connexion with them ; and wheni the powers of tiu* mi- 
croscope can be brought with such effect in aid of investigations of 
this nature, why, it may be asked, if such pestiferous animals exist, 
have they not ere this been demonstrated? The fact is, that all the 
circumstances connected with the growth and deAiy of such para- 
sites as our senses can take cognisance of tend to ^^-^onclusion of an 
opposite nature, fiz. that those animals have their periods of ex- 
istence as living beings, and having ])ass('d from this staU‘, instead 
of polluting the wliole frame, or running into ex 'vivc diseases, dis- 
appear, and leave little or no injurious effects ‘-ind them, unless 
what may have arisen from their mechanical i 'Hference with the 
functions of some vital organ. 

The author exhibited numerous preparations ‘/d drawings illus- 
trative of the facts advanced in the paper. 


On the Entozoa which are occasionally found it fhe Muscles of the 
Human Subject, By Professor Ha| {^ison. 

The Professor exhibited preparations and dr£^ ings of a speckled 
appearance not unfrequently met with differe » parts of the mus- 
cular system, and detailed the particulaiwof se ^ml cases in which 
it had existed : he expressed his full concurren j with the opinions 
advanced by Mr. Owen, in the Transactions of th Zoological Society 
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of London, as to the animal or vital character of the bodies to which 
the appearance is owing. He next remarked some interesting 
coincidences in the cases he had examined ; thus, in one instance, 
where the muscles were very generally affected, he found a large 
cyst in the liver which contained several hydatids. These were 
exhibited to the meeting. In all the other cases there were marks 
of scrofulous disease having existed, either recently or at some 
remote period : thus, in three cases the lungs were a masi^ of tu- 
bercular matter, and in another there was caries of the lumbar 
vertebrte and scrofulous suppuration in the adjacent structures. 
The Professor further stated, that in all the cases he had examined, 
this appearance was almost confined to the voluntary muscles : he 
had never met with it in the heart or intestinal tunics, but had found 
it alxjut tin! circumference only of the diaphragm, and in the other 
mixed nmseles to a much less degree than in the voluntary : these 
bodies lu‘ stated to be more numerous on the cutaneous than on the 
deep surfaces of mus<des, and to be deposited in the interfascicular 
cellular tissue, rather than in the fasciculi themselves. 


Oil the Bones which are found in the Hearts of certain Ruminant 
Animals. By Professor Harrison. 

The mitlior first compared the circulating organs in fish, reptiles, 
birds, and mammalia. He next adverted to the opinions of Mor- 
gagni, lialhir, Dauberiton, Meckel, and Cams as to the singular 
osseous appendages which the hearts of some of the Ifuminants pos- 
sess, as also of some other animals allied to them. He exhibited 
several sjjeciinAis of these bones, some dried, some in their recent 
state, and otlieyl in situ, in different animals. The heart of the ox 
presents them ‘I greatest perfection ; here there are always at least 
two, and sometimes several smaller osseous and cartilaginous grains: 
the two principal bones are, one very large, placed posteriorly in 
the septum anricBariiin ; tlie other, smaller, is situated in front. The 
large one is of t*«figure of the human malar bone; its upper concave 
border forms tll^TOoor to the posterior aortic sinus ; its inferior be- 
velled <'dge give^. attachment to the large portion of the mitral valve ; 
to the body of tMbone the fleshy and tendinous fibres of the auricles 
arc attached. T^ small or anterior bone is triangular ; its concave 
base floors the ai^wior aortic sinus. These bones are always to be 
found in both sei^, and in the young as well as in the old. Speci- 
mens were prcsc^^d from animals only a few weeks old, in which 
osseous nuclei we® distinct in the cartilaginous basis. The author 
next adverted to we peculiar fleshy character of the left ventricle in 
the ox, a transvew section exhibiting the appearance of a puncture 
or stab, rather An of i^istinct chamber ; this formed a curious 
contrast to the hwt of horse. From these and many other ob- 
servations, Mr. iMrrison inferred that these bones are supports, not 
only to this massftf muscle, but also to the root of the aorta which 
is connected to tlpm, and which is thus maintained in a permanently 
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op^i state ; while, again, there being two bones coiineeted by liga- 
ment, tlie elasticity of the vessel is not impaired. These bones, 
^loreo^'e^, serve to support the septum of the auricles, and to prevent 
tlieir perfect closuiv. or collapse, and they also floor and support two 
of the aortic sinuses with their semilunar valves. Tlie Professor 
next 8{K)ke of the pt?euliar, Iiani, marbh>-like fat which is deposited 
in masses about the roots of tlie givat arteries, and showed that these 
cover the three sinuses of the puimouary arteiT, and that sinus of the'- 
aorta wdiich is deprived of (xsseous support. . These arterial sinuses 
are lo«lged iu excavations in the fatty de])osits alluiled to, and no 
ordinary force can overcome the n*sistanee whieh they otter to over- 
distension ; and tlius the sinuscii are enabled to su])port the returning 
columns of blocKl, whieh are impelled by the elarticity or resiliency 
of the arteries, whieli in such animals are peculiarly strong and elastic. 
The author next explained the structure and true use of the corpora 
Arantii ; contrasted the structure of tlu‘ pulmonary artery ami its 
valves witJi the corresponding parts of the aorta ; and concluded 
witlisonie observations on the calcareous and osseous deposits which 
are met with in the liunian subject, in wlioni tlu'v a}>]>ear as aeci- 
ileiital or morbid clianges in those v<‘ry situations ulieri* in soiiu' 
animals the osscoius structure is esseutial. 


On the Structure of the Manmiary Glands in the (Cetacea; xvith Ob- 
serrations on the Mechanism of the Mouth and Soft Palate^ as ap- 
plied bif the young Animal in Sucking. By A. Jacob, M . 1 )., 
Professor of Anatomy y Royal College (f Surgeonsy Ireland. 

The author, couuneutiiig on the opinions of M.GtpflVoy St. Hilaire 
in his work entitled ‘‘ Vragmens sur la Structure A les Ilsag^^s des 
Glandes mammaires des Cetaccs,” and referring t|Hh(^ descriptions 
of Hunter and plates of MiiUer, entered into th^ tiuestion of the 
meciianism of tlie mammary glands in Cetacea, and the operation of 
the mouth of the young of that tribe. 

M. St. Hilaire is stated by the author to entert •, the opinion tliat 
“ tlie process of nutrition of the young of the Cei *ea by tin* milk of 
the mother, is accomplished iu a manner and u i 'er circumstances 
different from those of other mammalia.” To si^Gort this proposi- 
tion, M. St. Hilaire assumes that the mammary hnds in these ani- 
mals are peculiarly organized and eircumstaac ’i; first, in being 
placed between the abdominal and subeutancoul riuscles, by which 
they are subjected to mechanical pressure adequi ^ to the expulsion 
of their contents ; and secondly, iu containing ifeeculiar reservoir, 
formed by an enlargement of the excretory duc|b running the 
whole length of die organ. 

These statements are admitted by Dr. Jacol ' but he. remarks, 
that there is no proof of any special preside on iRi mammary gland 
arising from its position with reference to me m ’*nes; and that the 
only peculiarity in the excretory ducts is -the exi: jiuce of the mam- 
mary reservoir, in the form of a single cavity,- TCunLstance which 
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the author considers to be dependent on the flat, elongated form of 
the mammary gland. He advances arguments to show the proba- 
bility of there being, in fact, a special structure at the orifice of the 
nipple to prevent loss of milk by any other external pressure than 
that upon the teat or nipple itself. 

Both M. 8t. Hilaire and Mr. Hunter have assumed that, in con- 
sequeiicti of the opposite condition of the nostrils of the mother and 
young during the act of suction, this process can only be performed 
by the young between two respirations. The acjt of sucking, Mr. Hun- 
ter states, must also be different in the Cetacea from that of land 
animals, “ the lungs having, in the former, no conm*xion with the 
moutli.” On these points the author differs from the eminent autho- 
rities (juoted, and enicirs into an examination of tlie action of the soft 
j)ahitc in tlici functions <jf breathing and dc^glutition ; from which lie 
deduces tli(‘ eonelusion, that tite mouth is a separate ami distinct 
cavihf^ capable of incrcasbnj or diminishing its vapacitip aiaf conse-- 
ijuentlg^ of fimning an imperfect vacuum^ into which the milk rushes 
in st/rhing, and from which, when accumulated, it is transferred to 
the (isophagus. It must not be forgotten that the construction of 
the softpalatc in tlui Cetacea is different from that in other animals; 
it is in them in tlui shape of a muscular partition, with a circular 
aptTtuiHi surrounded by a sphincter; while the top of the larynx is 
elongated >o ruiu'.h upwards that it enters this aperture, and, being 
gra.s[)ed 1i\v the sphineler, communicates witli the blow-hole or nos- 
tril, leaving the mouth and fauces unaffected by the process of re- 
spiration, and still better adapted than in other animals to carry on 
the operation of sucking. 


0?i the MeeJa^ism of Bruit de SoufHet. By Dr, Corrigax. 

The first partW tlic paper consisted of an analysis of the various 
theories which been proposed to account for this sound and its 
varieties, bruit d mmjxi, &c, I^aeiiiicc supposed it to 1)(» jiroduced by 
spasmodic actioi8)ut Jiis opinion has been generally abandoned. 
By some the soun^ias been attributed to increased pressure made by 
narrowing of the l3art or arteries, — ^l)ut it is heard in permanent pa- 
tency of the aortJ^n the vessels of the pregnant uterns, in aneuris- 
mal dilatation of ifceries in varicose tumours, in all which instances 
there is no narrovii^lk ; — by others to increased velocity in the motion 
of the blood ; bul^ is not heard in the circulation of the fa'tus or 
infant, while it is Wdible in the slower circulation of the mother ; 
nor in the quickeild pulse of hectic or inflammatory fever, while it 
is audible with a mdse of 70. By others it is attributed to rough- 
nesses in the intiBor of arteries, or irregularities, over which the 
blood, in passin ♦.'•Produces the sound ; but it is not heard in the 
healthy heart, tluwternarfurface of why|||is exceedingly irregular; 
nor is it necess«ly pr^ent in aneuriMp rough and in*egiilar on 
their inner surfaiC, from sha|>e, or fronPSepqsition of fibrine. ; the 
sound, on the coriYaiy, being frequently heard* when thei*e is no dc- 
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viation from the natural state of the interior surfaces of the heart 
or arteries. 

The second part of the paper developed Dr. Corrigan’s views. 
His theory is, that the sound depends on the simultaneous presence 
of these two conditions, viz. 1st, a current-like motion of the blood 
(instead of its natural equable movement), tending to produce cor- 
responding vibrations on tlie sides of the cavities or arteries through 
which it is moving ; and, i^ndly, a state of the arteries or cavities 
tliemselvcs by which, instead of being kept in a state of tense ap- 
proximation on their contained inelastic blood (which would neces- 
sarily }>revent any vibration of tlieir sides), they become free to vi- 
brate to the play of the ciiiTeiits within on their parietes ; and by 
those vibrations cause, on the sense of touch, fremissement^'' and 
on the sense of hearing, “ bruit de sovjffet.** It was shown that tlu^se 
two conditions are present in the parietes of the ventricle, and th(» 
currents of blood striking against them in cases of narrowed auri- 
cido-ventricular openings ; in the enlarged and tortuous artc^-ies of 
the jdacental portion of the uterus permitted by their v(‘iy free ana- 
stomosis with veins and sinuses, and other causes, to become par- 
tially flaccid in the intervals of the heart’s contractions, and th(‘ ir- 
regular currents necessarily assumed by the blood in rushing along 
these comparatively flaccid tubes at their next diastole ; and that si- 
milar conditions exist in the analogous states of the vessels in aneu- 
risnial dilatations of tortuous arteries. The ])rescncc of the two 
conditions was also ajqdied to explain the nu^chanism of the sound 
in permanent patency of the mouth of the aorta, in the large arteries 
of animals dying of haemorrhage, and in various other instances. In 
conclusion, two experiments were detaih*d, in which, in one instance', 
a smidl bladder, and in the other a portion of the Cut of an animal, 
w as interposed bctw'een two cocks, the upper orrsearer being the 
cock of a water-cistern, and the lower or furthw ^constituting the 
discharging orifice of the bladder or gut, and war." thc'ii allowed to 
fi<nv tlirough from the cistern. The sound “ de soitjflet,'' and 
the sensation freniissement,^* were ]>erceptibl i the intcr>’ening 
bladder or gut, until (from the upper pipe p< . ng in fluid faster 
than the lower discharged it) the bladder or gu became tense, and 
then both sensations ceased, the passage of thd ’uid through, ne- 
vertlu^less, continuing all the time. The expert f nt with the blad- 
der w as applied to explain the occasional pres( ibe and absence of 

bruit de soufflet'" in aneurisms, the sound bein^ ’iresent in an aneu- 
rism when, from any circumstance connected avi* it, its parietes can 
become at all flaccid in the intervals of the helf Ts contractions, — 
not being heard if the parietes remain tensely applied to their con- 
tained fluid. 

Dr. Corrigan has in some experiments substiQded a gum-elastic 
tube for the portion of gut 


Dr. Alison read a nc^e of a few experimen and observations 
which he had madcj'^with the assistance of differ|;nt friends, on two 
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distinct subjects : 1. On the Condition and the vital Powers in Ar- 
teries leading to inflamed parts, (in continuation of those on the same 
subject read to the Section in 18S4) ; and 2. On the immediate Cause 
of Death in Asphyxia. 

Pic connected them with one another by some preliminary obser- 
vations on the impoitance of establishing the truth, and, as far as 
possible, determining the applications of the principle to which the 
tenii spontaneity of movement in the fluids of living bodies has been 
applied, e, of movements of the fluids in living bodies, which are 
dependent on their living state, but independent of any contraction 
of Iheir living solids. 

Ill proof of the truth of this principle he stated that many facts 
might be adducinl ; and the iininediate object of tlic statements now 
made was to jirovc that without reference to this principle it is im- 
possible to ex))laiu two sets of phaenomena, which have been care- 
fully observed, and are of essential importance, — the changes in the 
motion of the blood which attend inflainmation,and those wdiich result 
from the application of oxygen to the blood in respiration. 

On the first point, he detailed the result of two examinations (in 
addition to those formerly reported) of the arteries of limbs of 
horses killed on account of injury and inflammation of single joints, 
in OIK) ease of three weeks’, in the other of eight days’ standing. The 
power of eontraeting on a distending force, and expelling their con- 
tents, was tried in the arteries both of the inflamed and the sound 
limbs, by the same contrivance as was used by Porscuille to compare 
the contractile power of living and dead aiteries ; i. e. by using bent 
tubes and sto})eoeks in such a way as to distend a given portion of 
artery (fli'st of tlic one limb and then of the other,) by water pressed 
into it l)y a lint weight of mercury, and then allowing the artery to 
expel the distejiling water, and getting a measure of the force which 
it exmi.s in doi |r so, by the rise of the level of water in a tube com- 
municating wit whe artery. The result was in both cases in ac- 
cordance with iM observations formerly made, that the artery' of the 
inflamed limb e^’tinl /ess power of contracting on, and expelling its 
contents, than t ». of the sound limb. The difference was as 10 to 
16 in one case, ISl as 125 to 175 in the other, which was the more 
satisfactory of two, as the experiment was made more imme- 
diately after deaM. 

It appeared a^, on careful comparative examination, that the 
contraction of tlr3iemptied arteries at the moment of death (which 
is the measure arf>^ted by Parry of the vital power of arteries) was 
less in the diseasfeu than in the sound limbs ; the difterence between 
the contracted state immediately after death, and the subsequently 
dilated and dead* state of the artery (28 hours after death), being 
Jth in the case oSthe diseased limb, and -i-rd in that of the sound 
limb. a 

It appears, thfifore, j^at in all arteries of such size as to admit 
of measurementjand ^ich supply inflamed parts, the only vital 
powers of contraRion, which experiments authorize our ascribing to 
the coats of thes|[vessels, is diminished during inflammation ; and it 
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inay be safdy added, that no other change but this diminution or 
reli^atiou of contractile power has ever been perceived, either in 
them, or in the smaller vessels which come under the observation of 
the microscope, at least during the greater part, and in the highest 
intensity, of inflammation. 

But if it be inferred from these facts that inflanimation consists 
merely in relaxation of vt^sels, giving mi increasetl effect to the im- 
pulse of blood from tin* heart to the part affected, several facts may 
be stateil to show that tlie explanation thus afforiled is quite inade- 
quate. The change which takes place on the movement of the blood 
flowing to an inflamed part is, diminution of velocity or absolute 
stagnation in the vessels most attected, combined with increased ve- 
locity and increased transmission in all the neighbouring vessels ; 
and it seeiiis imj)ossibh‘ to ascribe both tlies(‘ opjmsite eftects to the 
same cause, viz. a simple relaxation or loss of j)ower in tlu^ Vf>ssels 
concerned. Neither can t]u‘ characteristic t ensions conse(|uent on 
inflammation, and by which alone it is uniforndy distinguisliai>h‘ from 
simple coiigc?stion or s(*rous efliision, (and particularly tht» increased 
quantity and increased aggregation of tin* tibrin that exudes from 
inflamed vessels, ) be explained by this (*hange of th(‘ a<*tion of the 
vessels. And further, the local causes which excite iiitlamniation are 
not only such as in other instances produce an increase, instead of a 
diminuHon, of vital power, but they are such as havt* beem avSCH‘rtained 
to produce, when they ar(‘ made to act on minute ])ortions of indivi- 
du^ vessels only, contraction iiistt‘ad of relaxation ; as has appeared 
in the expeilnients of Vei-schuir, Thomson, Hastings, Wedmeyer, and 
others. 

The proper inference, therefore, appears to be, that the idea of an 
increased action of vessels *\\i an inflamed part is ind^^ed a delusion; 
but that there is a really increased action within tf.i vessels of the 
part, i.e. an increased exertion of powers, by \\ hiclfH,the motion of 
the blood is afleett^d, but the action of which is iuv pendent of the 
contractions of tlic living solids, and the effect of Vjf ,ich is to cause 
distention and relaxation of the vessels, within w* \' tii they act with 
unusual energy, 

2. The immediate object of the experiments or Wh by asphyxia 
was to ascertain whether the acceleration of flowing blood 
through the lungs, — wliich is undoubtedly ])rodu il by respiration, 
and the failure of which appears, from the experj ients of Williams 
of Liverpool, and of Kay of Manchester, to lje tl immediate cause 
of death by asphyxia, can be ascribed, as Haller id somt^ very re- 
cent authors have supposed, to the merely mechanical influence of 
the alternate expansion and contraction of the lungs by the respi- 
ratoiy movements. 

That this is not the fact might ho concluded dm the fatal as- 
phyxia produced by breathing azote* or tteier gal h, not poisonous, 
but not containing oxygen; in which case irhad 1 hen obw^rved by 
Broughton and oBiers, that the stagnation of bloo* \ in the lungs, and 
the distention of the right side of the he*art, tat [iplacc etiually as 
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when the respiratory movements are suspended. But to this obser- 
vation it might be objected, tliat the animals ouM^hich experiment had 
been made had been allowed to remain in the azote until they became 
insensible, and their respiration of course ceased, and luul not been 
examined until some minutes after their apparent death, and it might 
be said, tliat the right side of the heart had become congested only 
alter tJie acts of respiration had ceased, and in consequence of their 
cessation. 

In order to avoid this source of fallacy several rabbits were con- 
fined in azote, only until their breathing became lalmured, the re- 
spirations gi'iierally less frequent, but much longer and fuller 
than natural. Tlu^y were then taken out and instantly stmek on 
the head with such force as to crush the lirain and cerebellum, and 
arrest the circulation as instantaneously as possible. This was always 
atteudcil with violent and general convulsion, but with no attempt 
at respiration, sensation being apparently insttintaneously suppressed. 
When the body was opened immediately after the convulsion had 
subside<l, the right side of the heart was always found distended 
with Idood, and palpitating feebly ; the left side at rest and compa- 
ratively empty : tln^ quantity of blood obtained by puncturing and 
pressing the right side and pulmonary artery was from 5 to 10 times 
as much as could be obtained from the l(*ft side and aorta. Wlieii 
a rabbit previously breathing naturally was killed in the same man- 
ner, the quantity of blood on the right sidi‘ of the heart (apparently 
accumulating there during the convulsions) was found to be greater 
than on tlKi left ; but the difference was decidedly less than when 
it had been breathing azote ; and in one of these comparative trials 
the blood in the left side was found to be sufficient to keep up a 
feeble palpitati'fci in that side, 'whereas in the animals that had 
breathed azote tie left side was always found quite at rest. 

It appi'ars fr‘%i these experiments that when oxygen is not ad- 
mitted into thc j^igs in inspiration, even although the respiratorj^ 
moveiiu'iits coii^ied further and more forcible than usual up to 
the iiioinent of »ath, the blood stagnates on the right side of the 
heart; and that a])plication of oxygen to the blood at the lungs 
is a cause of acc^ration of its movement througii the lungs, inde- 
pendently of any^ftueiice of tlie mechanical movements of respi- 
ration. 

If wc further ^uire, in what manner oxygen can give this sti- 
mulus to the fiow^tg blood through the lungs, it appears certain 
that it cannot be hjf stimulating the small capillaries of the lungs 
(the only vessels ’t6 which it is directly applied) to contraction, be- 
cause even if it be granted that there aie vessels capable of con- 
tracting on iiTitation (which is very doubtful), tlic immediate effect 
of stimulating an4 arteries capable of taking on such action nas 
always been obsilved to be a constriction permanent for some 
length of time, an in cdlsequence a retarded flow of the fluids 
through them, as V the fflqieriments of Wedmeyer. 

If, again, we sugiose the elfect of the oxygen on the minute ves- 
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sels in the lungs to be sedative or relaxing, and ascribe to a dimi- 
nished action of these vessels the apparently increased efficiency of 
the right side of the heart when oxygen is applied, we suppose the 
oxygen to produce tlie very opposite effect to that which has always 
been observed when it or any other stimulus has taken effect on any 
individual arterj^ 

The only mode in wdiich it appears possible to escape from these 
difficulties is to suppose that the stimulus given by the oxygen to 
the flowing blood through the lungs, is a stimulus to that movement 
which is independent of any contraction of the solids containing 
the blood. Tliis conclusion is in perfect accordance with the ob- 
servations of Haller on the derivation of blood, perceptible under 
the microscope, towai*ds any part where an opening is madc^ in a 
vessel, and air admitted into contact with tlie blood, because he 
gives satisfactory' reasons for thinking that this derivation is not 
owing to contraction of the vessels ; it is also in accordance with 
obs<Tvations on some of the lowest tribes of animals, and on vege- 
tables, where currents in Jluids are observed in connexion with the 
act of respiration, but no mov(?ment of solids has been detected ; and 
even, as Dr. Alison thinks, with the observations of Purkinje and 
others, on currents connected with the respiratory' organs in animals 
mucii higher in the scale, because although thesci last curnuits have 
been ascribed by most authors to vibrations of (tilia», wliich are seen 
to accompany them in various instances, it secerns very doubtful 
whether they can be ade(|uately explained without suj)j)osing a 
d' attraction cl repulsion'^ to be commenc(Hl in these instances, 
as well as in the respiration of the low est tribes. 

Experimental Inquiry ifito the differefU Offices oh Lacteah, Lym- 
phatics, and Veins in the Function of Abso7j\i on* 13y P. D. 

Handyside, M*D* w\ 

Tire author’s general position is thu^ stated : lie lacteals, lym- 

phatics, and veins are endowed each with a pe^;\ iar office in the 
general functions of absorption; for example, The lacteals arc 
those vessels which absorb the aliment which is '‘^cessary for main- 
taining the nutrition and increase of the bod}& and exercise the 
property of refusing entrance to all other mattery; 2. 7"he lympha- 
tics absorb the elements of the body upon their ' jj^coming useless or 
noxious, so as by their final discharge from the system to make room 
for the deposition of new matter, and these vessels possess no ab- 
sorbing power over any substances foreign to the system ; 3. The 
veins not only return to the heart the blood after that fluid has ful- 
filled the object of its diffusion over the system, ut enjoy the office 
of receiving into the animal system by absorpj ?pn various foreiyn 
matters which may be brought into con^ct witM ^^heir orifices. 

In support of these views the author\resem ha short review of 
results obtained by various eminent anatomists a [d physiologists. 
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The following is the order of the subjects discussed : , 

Lacteah Their distention after a full meal, — ^their condition as 

observed in living animals ; — effects of ligatures on the thoracic 
ducts of horses. 

LymphaticSy — Anatomical origin of, — analogy of lymphatics and lac- 
teals, — exact resemblance of the lymph prior to its absorption to 
that found in the lymphatic vessels, — absence of lymphatics in 
vegetables, — no proof afforded by examination of l}Tnph that 
lymphatics serve as the channel through which foreign matters 
gain entrance into the system, — ^no communication between lym- 
phatics and veins except through the great lymphatic trunks. 

Vehis . — Analogy between the anatomy and disposition of the veins 
of animals and the vessels corresponding to these in plants, favours 
the doctrine of t^e7ious absorption. 

“ When foreign matters capable of affecting the constitution ge- 
iKjrally, and of being diluted in its solids and fluids, are brought 
into contact with the serous and mucous surfaces of the body, 
with tlic cutis vera^ and with the interstitial cellular tissue of dif- 
ferent organs, the resulting phmnomf.na exhibited by the blood 
in the veins give evidence that these vessels are the sole agents 
employed in this v^iriety of absorption.” These four points are 
discussed by reference to a variety of experiments, to which the 
aullior adds tlu^ following from his own researches, as bearing on 
the <|uestion of absorption of foreign matters by veins of the cel- 
bdar tissue. 

Exp. 1. Having made a fistulous opening in the abdominal parietes 
of a lui took advantage of the period when a complete granu- 
lating surface should b(‘ formed, to apply to it very freely the solu- 
tion of pruss. potass. On killing tlie animal three minutes after the 
application, and |[)plying tlie appropriate chemical test to the blood, 
it was seen to exjpbit traces of the prussiate. 

Exp. 2. He i/v'^uced the formation of a granulating surface four 
inches square ii 'ij,i|xtent in the fleshy substance of the back of a 
large cat, and the^^^tained pledgets of lint moistened with 1 J of the 
usual solution ofj^3 prussiate of potash in contact with this surface 
during the space four hours. A fair indication of the presence 
of the poison in tl j^ blood was seen, on submitting to the usual test 
the blood from th(,(Carotid arteries, both in its fluid and coagulated 
states, while no indication whatever of its presence was observed in 
the lymph. i> 

These experimetits now put forth as evidence in favour of the 
doctrine of absorption by the veins of foreign matters, from the in- 
terstitial cellular tissue of the animal body, when taken along with 
the previous experiments also adduced to prove the absorption of 
foreign matters from the surface of the cutis vera and the different 
mucous and'«ero^^^uperflcies, would appear to justify a conclusion—-* 
that the absorptio||of for^mi matters occurring from the interstices 
and surfaces of tig bod]|^ccurs solely through the channel of the 
venou a^flt em. 
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Observations on the Effects of Cold on different Parts of the Hu- 
man Body, and on a Mode of measuring Refrigeration, By 

Dr. OSBORKE. 

In this communication Dr. Osborne bc^gan by adducing some 
facts to show the importance of cold, viewt*d as a cause of disease. 
He stated, that of 57j the entire number of patients on tlie preced- 
ing day (13th August, 1835,) in Sir Patrick Dun’s Clinical Ho- 
spital, 34 could distinctly refer to cold as the caust; of their com- 
plaints, contracted in the following manner: in VI from damp 
clothes, 5 from damp feet, 3 from bathing, and 14 from cold air 
when heated. This proportion, however, would ])robably l)e very 
different in winter. The direct effect of cold on the air-passag(‘s of 
the lungs is almost restricted to inflammation at the riina of the 
glottis, and this is usually caused by suddenly rushing from heated 
to cold air. It may be pn)ved that the respired air, being of nearly 
the same temperature as the blood, and not tleriving its heat from 
the action of respiration in the lung (see ilrodie’s Experiments), 
must, in its ptossage downwards, be heated to consideral^ly more 
than half the diflerence between the temperature of the blood and 
that of the air ; that, consecpiently, at its arrival in the air-vesicles 
of the lungs, it must have acquired such a temperature as amounts 
to a protection against the eflects of cold. Dr. OsboriUi (‘onsiders 
this as a provision of nature in a matter in which we are not able 
to guard ourselves. 

When, owing to an op})ression of ner\M)UB energy, the healthy 
temperature of the surface is not maintained, then the air arrives at 
the air-vesicles without being heated ; lienee, lie conceives, may be 
explained the numerous instances of sudden death which occur in 
chronic bronchitis ami low fevers when sudden df pre^sions of the 
temperature of thff atmosphere have taken place Curing the night. 
In those cases the cold thus admitted to the luijgs^|*'uses a toi-por in 
their capillary circulation; and after death it is foi .1 that the blood 
has stagnated in the lungs, and in the veins and ri t "ft cavities of the 
heart. i 

The common opinion that various inflammatorL| liseases arc con- 
tracted by sleeping in newly-built houses appearA :o bt*. ill founded, 
except in as far as the clothes worn by the indivi^Sal may contract 
moisture. The air under the bedclothes being kmit up by the heat 
of the body to the temperature 80^ the only way t which the damp 
air can prove injurious is by the lungs, whioli, as before stated, are, 
in health, enabled to resist its effects. It appears that in a regiment 
which was quartered in newly-built barracks no injury resulted from 
the damp. 

On the stomach the effect of cold is perceived, not by a sensation 
of cold in that organ, but by thirst, in consequ* bee of reaction, as 
is experienced after taking ices. When ^e coI(| -jis long-continued 
or overpowering^ in consequence of feebl^reactii then gastritis is 
pro<luced from torpor of the capillaries. This 1 ^ mode^ysxpla- 
nation is derived from the phajiioinena observed i^^ ihn 
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body on the application of cold. When the application is transient and 
the circulation vigorous, the contraction of the vessels and paleness 
of tlie surface are only momentary, and are succeeded by reaction 
evinced in increased heat and ditf'used blush of redness. When it is 
long continued, then the pale and shrunk state of the surface is gra- 
duidly succeeded by a pur|)lc or livid colour, -attended with increase 
of size, as may be proved by a ring on the finger, from the swollen 
state of the vessels. Comparing these facts with the experiments de- 
tailed by Dr. Alison, — which showed that in inflamed parts not only 
the small vesst'ls but the large arterial trunks leading to the part are 
dilated, and rendered iiuiapable of contracting like other arteries, — 
Dr. Osbonie projmses the question, whether there is not sufficient 
evideneci to ])rove that cold produces inflammation by producing 
torpor and dilatation of the vessels, (*ither of the part itself or of 
some couneeb'd or adjacent part, wdnch, if not removed by transient 
reaction, is followed by tlu^, more permanent reaction of inflamma- 
tion, causing a number of now j)ha?nomeiia. 

With regard to the viTect of cold on the skin, w'hich is the most 
important of all, it is (nddent that meteorology has contributed very 
litth; to our kiiowhidge of the' iutiiiencesof the atmosphere on health 
or disease. It has appeared to the Auth(»r, tliat in order to connect this 
science with utility, as far as mankind is concerned, one considera- 
tion has been omitt(‘d, which is, the cooling poxcer of the atmosphere 
estimated with reference to ourselves. The human body has a heat 
of nearly and is placed in a medium always cooler than itself. 
Till*, degree of cooling influence exerted on it has never been made 
th(‘ sulqect of measun;ment, and to the present time is estimated 
solely by the feelings. In order to measure the cooling influences 
of the air or other mediji, Dr. Osborne used a spirit thermometer, 
witliout a framl, i^arefully graduated from the degree 90 to 80 in- 
clusive, that bei nearly the temperature of the exterior of the body. 
Having lieated ri ' bulb to he exposed it in different situations, 
obsen ing the tiAfi during which the spirit descended from 90® to 80®, 
and ado])ting, aim measure of the refngerating power, the rate of 
cooling deduced.'|5^^^^^ hy this contrivance is exliibited the result 
of radiation, aiif^f the conducting power of tlie. atmosphere as 
modified by its jSniperature, its density, its moisture, and its cur- 
rents; and that iji^sult, the most interesting of all to the invalid, 
who, in respect to temperature, may be conceived as represented 
by the instrument. As the variety in the sliape of the bulb, the 
bore of the tube, the thickness of the glass, or the de n U fcy and 
quantity of the fluid employed will cause variety in the time of the 
ciescent, the result obtained \vith two thermometers must not be ex- 
l)ected exactly to correspond. In order to procure uniformity for 
this purp(»e, it will be necessary to place a number of them, pre- 
viously graduatec^etween 90® and 80® and heated to 90®, in air at 
60® or 50®, and t® elect ^)se which contract according to the time 
fixed on as a staimrd. ^he thermometer so applied, Dr. Osborne 
proposes to call aftsvehometer, or measurer of refrigeration. 
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Amongst the observations brought forward by him to illustrate 
its use are the following : 

To show the refrigerating effect of agitation or of a breeze, the 
temperature of the air remaining the same. 

In air, temp. 70" at rest, it cooled from 90® to 80® in, 5"* 20*. 


in a slight breeze in 2*® 50\ 

blown on with a bellows in 58*. 


These observations show the fallacy of determining climate by 
the thennometer. There are situations in which, owing to constant 
currents of air, a cold is produced of the utmost eonsequtuice to 
health, but not appreciable by the thermometer. Dr. Osborne ex- 
pects that by means of this mode of observation much light may be 
thrown on the climates of the western coast of Africa, and of otlier 
unhealthy localities. The meteorological tables at present kept in 
those places fail in showing the effect of the sc'a and land bree zes. 

The following shows the refrigerating pow er of water above* air 
of the same tem})erature, at rest, to be above 1 1 to 1 . 

In air at rest, temperature 70®, it cooled from 90® to 80® in 40’’. 

In >vater at rest, same temperature in 2R 

It is well known that in swimming it is not the fatigue so much 
as the refrigeration which fixes the limit. This appi‘ars from tlie 
follow ing observation compared with the j)receding. 

The instrument agitated in wat(‘r, cooled from 1)0® to 80® in 15*. 

In order to ascertain the refrigeration j)roduc(*d by damp clotiu's, 
Dr. Osborne covered the bull) of the instrument with cotton wool, 
and having placed it at rest in an apartment at found it to cool 
from 90® to 80® in 10*“ 14*. Placing it in the samj circumstances, 
but with the cotton w'ool slightly damped, it cooledi^own in 57^ 
This proportion must be much increiisod when uiX^t tlu^ influence 
of the open air. The application of cotton w ool y skin, moist- 
ened with >vater or an evaporating lotion, he ha^ f^ound the most 
eligible means of cooling the surface in flisease, n nlyon ar^count 
of the constancy with which the refrigeration ism^ qtained, l)iit from 
its being peculiarly agreeable to the feelings of tl patient. 


On the Injltmice of the Artificial Rarefaction or Diwimition of At- 
mosp^ric Pressure in some Diseases^ and the Effects of its Con- 
denimon or increased Elasticity in others. By Sir James 
Murray. 

The paper was divided into two parts. The first detailed the ge- 
neral principles of the rarefaction of air, and its powers as a reme- 
dial agent on the human body. The second part mated to the local 
agency of condensation of air in topical (tseases. 

The propositions were submitted, not as^fmedli means of them- 
selves alone, but as auxiliary to those already in It was shown, 
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That tlie ordinary atmospheric pressure sustained by the whole body 
averages 15 tons ; — that by placing a person in an air-tight bath, with 
provision for breatliing the ordinary atmosphere, half a ton or a ton 
can be removed without danger : 

That the abstraction of this elastic compression pennits the easun* 
expansion of tlic chest, elicits the blood and animal heat to tlnisur- 
fac(^ of the body, opens the pores of tJie skin, and restores to the 
siirfat^e rashes or eruptions which had been suppressed. 

It was therefore submitt(‘d, that an agent capable of producing 
such effects is ('iititled to consideration in treating (‘ertain conditions 
of p(‘ctoral dis('ascs; in eliciting internal congestions or inflamma- 
tions from central organs to the surface ; in ])revcnting ci;rtain fevers, 
and otluT eoinjihiints arising from obstructions of the cutaneous 
functions ; in translating gout and rheumatism from vital organs ttn 
tin' limbs ; in restoring a due balaiiee of the circulation, and attract- 
ing the blood into tin' sujM'rticial V(‘ins from the d(‘('p-seated arb’rics. 

A cas(‘ of a [)atieiit was detailed, in which congc'stioii of the brain 
was divert('d from the head by inclosing one of the lower extremi- 
fi(*s iji a rarefying bath, and abstracting about two pounds and a half 
of pn'ssure from cacii inch of the. surface; the influx of the fluids 
Mas so gri'at, that in tNvo liours the circumferences of the limb was 
iiicrcii'^cd nearly tlire'c iiiclu'S, the vi'sscls of tin' skin reiidcn'd red, 
warm, anil turgid, and tins lu'ad relieved. 

The (‘use of a painter was also adebici'd, Mhose riglitarm had long 
b<'(‘U paralys('(l and cold from the effects of lead paint. The^ arm 
V. as ])ut for two hours into the rarefying case, and afterwards con- 
timn d iiot and v igorous, so that thii man was able to resunn' his 
M'ork. 

P(frf secomL-^\^ disease's of an opposite nature require opposite 
rciiicdios, the p|iiciple of rarefaction is reversed in certain cases, 
and condensatioih'^ov additional pressure, employed. 

This ])art of thV,''‘aj)('r detailed several cases illustrative of the powers 
of this agcJit. c thcrc^ was too much vascularity of ])arts, fln'ii 

local j)ressur(‘, pu>Jicd uiuh'rau air-tiglit covering, emptied tliCvcssels, 
pro])elling oinvar^thc overHotv of blood contained in the veins, and 
])ri'venting its influx by the arteries. 

The coiisequenJ‘*s were, to diminish inflammations, dissipate tu- 
mours and white sw clliiigs, facilitate the reduction of hernia and other 
])rotrusions, and to diminish the influx of fluids into indurated 
i>r(*asts or enlarged glands. 

The author adduced a very interesting case, the reduction of a 
prolapsifs ani by atmospheric pressure, without touching or bruising 
the sensitive intt'stine. 

The poM ers of condoiisatiou of air were then alluded to, for the 
treatment ^of fungous sores or ulcers, and for the suppression of 
uteriiui ha.‘morrha^^ s, as w ell as bleeding from wounds or lacera- 
tions. 
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On the Differential Pulse, By Dr, M’Donnell. 

Dr. M'Donneirs paper began with a <leseripti()ii of what he terms 
“ tlu^ Dirt’eri'iitial Ihilso,” and with proofs of liis claim to priority in 
ascertaining it in ITiS f. The observations which succeed related to 
the folk)wing sulijeets. 

The intluence of disease ami of particular remedies u])on the 
})ulse. with a reference to the eiii^ct of postun* on the number of 
i)eats; the absence of this plnenomenon in (|uadrup(‘ds, owing to 
their natural vessels being horizontal in both the lying and standing 
posture ; ci‘rtain cases of health and disease, in which the maximum 
and miniiniini of tliis variation art' found ; the methods to bt* ])ui*sue(l 
for investigating tin' niiiubtu* of the pulse in wihl and ftToeious ani- 
jmals as deducibh* fnmi tlieir respirations : the proportion betw een the 
stops, pulses, and respirations in man and (piadrufjeds in active t*x- 
ereist‘ : ob>ervations made at a depth of 2b f(‘et in a diving-bell, 
whieJi eoi rohoruti* the \ iews (»f Sir David Harry and l)i*. (.'arson on 
the moving powms in the circulation: proofs that barometrical va- 
riations liave no iiitiiieiice upoii the pulst* or breathings. 

Part 2. — On the limitations of the doctrine of the “ DiH'erential 
Pulse’’; of stationary or ju rmam'nl pulsis; observations made on 
the pulses of ehildrmi before and after their liaving respired: of the 
acci'leration of the pulst' afbT birth; observations on (piadrupeds 
w ith respect to this ; suppositioji that the foetus n niains before 
birth in tlu^ state of the cold-l)loode<l animals; of the linal cause of 
this pecidiarity : of the cause of the stethoscopic. sounds of tlu' 
fcetal h( art b<‘ing v<‘rv rapid, although the judse in the funis lx* slow ; 
an account of an experiment made l>y a watch ticking umhu* water; 
of tiie remarkable strength of the hetal pulse as t^'lt in the chord ; 
of the absorption of the blood in tin* chord into ^ae systi iu of the 
heliis after d<*liverv ; and the inference from thi^.^ji favour of the 
vit‘w s of Sir David Ihirry and Dr. (’arson respecbinr . m <iietion powi r 
of tile thorax as iiitluencing the circulation. 


On some hitherto unobserved Differences in the i fferts of Aceuniu- 
lotions of Liquids or of Air within the CMvityyf the Thorax, By 
Dr, William Stokes. 

In this communication Dr. Stokes pointed out a new' source of 
diagiioMs, namely, the jiaralysis of c«*rtain of the respiratory muscles 
which results from their vicinity to an inilained tissue. 

The excitement of muscular tissue produces at first airtive con- 
tractions, as shown by pain and sptu«m ; luit w hen still longer conti- 
iiiied^ the contractility is either lost or greatly diminished. These 
eft'ects may be produced in a threefold manner: 1st, by direct ir- 
ritation of the muscular tissue ; 2ndly, by the contiguity of muscle 
to an inflamed tissue ; and 3rdly, by irf^tation ii the cenibro-spinal 
centres or ner\^es, (if these, the first h^*: bee) ^rcicognised in cer- 
tain thoracic diseases ; but the second, or the pV ralysing c'ft'ect, has 
been hitherto neglected. 
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There are three diseases of the thoracic viscera in which this in- 
jury of muscular action takes })lace from the inflammation of a con-- 
tigvjQus striwture, namely, bronchitis, pleuritis, and pericarditis, and 
in all there is evidence of this paralysis taking place. 

The author dwelt principally on the lesions of the intercostals and 
diaphragm, and showed that in emphysema the characteristic smooth- 
ness of the side, and depression of the diaphragm were to be attri- 
but(ul th this paralysis, resulting from the previous inflammation. 
He sliowed that it was commonly absent in Laennec’s emphysema, 
even where th(‘ chest was much enlarged ; that it did not occur in 
enlargements of the liver, and was often absent in liydrothorax. 
Dr. Stokes sugg(^sted that in bronchitis this paralysis aflecting the 
circular imiseles of IlfMssessen might be the cause of fatal accumu- 
lations in })ad catarrhs, and furtlu^r, that dilatation of the bowels might 
in some instan(jes arise from it. He offered an explanation of death 
in pericarditis, by referring it to this paralysis affecting the heart, and 
sugg(^st<^d n new <*xj)lanation of the succf'ssion of Iiypcrtropliy vvith 
dilatation to ])eriearditis, iii which the yielding of the heart and ca- 
vitii*s tluring its w(;akeued state* caused tlie dilatation, while the sub- 
se(]uent hypertr(>])hy was due to the eft'orts made by the heart, on 
r(*cov(‘ring its torn*, to pro]Hd the bhwMl into vessels not proportion- 
ally dilated. 

Lastly, the st(*thosc()pic ))ha>nomena of accumulation of air, as in 
Lac nnec’s (*mphys('nia, were shown to be greatly modified by the 
yielding of the chest. The author came to the conclusion that the 
feeblen(‘.ss of n'sjuration in this case is more an indication of com- 
pression of the lung than a direct sign of the muscular emphysema 
of Laeniu'c. 


On Aneurism v Anastomosis, Jhf IL Adams, A,M.^ Member of 
\ \ the. Rot/al (hlleffe of Surr/eons. 

The subjectii Seated of were divided into two sections. 1. On 
aneurism by aiui^)mosis of th#^ capillary arteri(*s and veins. 2. On 


the pulsating 


of the diseas(‘. The structure of these difterent 


I ^ ^ 

forms of aneurisvfi was dt'scribi d as far as is yet known, many cases 
being dctaileil and drawings referred to ; a mode of investigating the 
ultimate arrangement of the minute arteries was recoimnend(*d ; and 
a short allusion maile to the subjects of diagnosis, prognosis, and 
treatment of the disease. 


Abstract of a Case of deficient Development of the right Hemi- 
itphere of the Brain^ with Congenital Malformation of the Hip and 
and Atrophy of the Members of the same Side, By 
Dr, Hutton. ' 


The subject ofS lis o^^i^Tvation wag an idiot of adult age, and was 
only three or fou|| days under the writer s notice when he died of an 
acute inflammat* * ' ’ * ^ i 
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his observations to the instances of di'ticiont and perverted develop- 
ment. 

It appeared that the head was not deformed, but the brain was 
small, and the cranium prett‘rnaturally thick, particularly in the 
frontal region. A vt'ry considerable portion of the right hemisphere 
of the brain was detioient, and its ])lace occupied by a large cyst 
containing limpid sta iiiu. There was also a remarkable detieiency 
of devt'lopment in other parts of the cerebral mass at this sifle. Tin* 
o})tic thalamus, corpus striatum, right pair of tlu' tuberenia ejuadri- 
gemina, crus ct'rebri, and corpus pymmidale were all less developc'd 
than the corresponding parts of the opposite side, 'fhe optic and 
other nerv«\s were normal, as were also the arteries at tin' base of the 
brain. The. total abi>euee of convolutions and of the grey substances 
of tin' brain in the situation of the cyst, tlui dt'liciciit development 
of the other parts t'uuiuerated, tin' healthy eonsistenee and a])})ear- 
aiice of tin' cert'bi’id mass and its inemhrain's elsewiu're, tog(‘tln*r 
with tin* history of tin' ease, seemed to indieate that the })Iiiein)m('na 
were the n'sult of original eonformatioii, and not of any subsi'cpieut 
morbid action. 

The left inferior extremity ])resente<l all the ('xternal ('haracters of 
an acci(l(‘ntal disloeation of the thigli u])wards and outwards ; but it 
a])pear(‘(I from an examination after death, as wi ll as from tin; hi.story 
of the individual, tliat the disloeation must have l)(*en coiigc'nital. 
The acetabulum was imp(*rfectly formed, and not ada})t(‘d to con- 
tain the head of tin' femur. This bone was also of abnormal form. 
The axis of the head and neek fell dire(‘tly on tlu; antc'rior instead 
of oil the internal surface of the. shaft, as if the bone had bec'ii 


twisteil ; the head of tin* femur was smalh'i* and l<;ss spln;rical than 
u.sual, and the br)ne was in some degree atrophic'd. ,'TJie ligaments 
were of healthy structure, and retained their usual (Onin'xions, but 
seemed to have b(*eii gradually elongated so as to )w tin; liead of 
the bone to rest on tin; dorsum ilii. There was / j cavity formed 
here, but some strong ligamentous bands tin; eapsuh*, 

where it invested the head of the ^;mur, with surface' of the 

ilium. The. interarticular ligament was of a broijtr tap(;r-like form 
and mucJi elongated ; the cotyloid formed a fiat mfj^lding round the 
acetabulum. The muscles were ln;althy in structun*, but in sonn; 
degree atrophied, and the direction of th(*ir fihnis was changed ac;- 
cording to the altered relative situation of their usual liiu's and 
points of origin and insertion. 

I'here was no trace w hatever of previous violent in jury or of dis- 
ease of any of the structures in or around the articulation. 

The left arm was Hexed, atrophied, and nearly useless ; the hand 
was extremely pronated. The flexed state of tlie limb seem(;d to 


depend on the contracted state of the muscles ; the pronation of the 
liand or the circumstance of the inferior cubito-j^idial articulating 
surface of the ulna presenting inwards, ins^ad of itwards and for- 
wards, and the radius being accommodateiKv. it. 

The subject of these observations seemc'd to ha^s very few ideas, 
and these were of the most simple kind, principall connected wdth 
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his sensations. He apprehended some, however, to which he could 
not give utterance. He had little use of language, and articulated 
indistinctl)\ He was neported to have imperfect vision in the left 
eye, and to have been lame from his birth ; but he walked much, 
inclining forwards and to the left side, and touching the ground 
with the toes only ol* the left foot : he used no support. His left 
arm was nearly useless. ^ 

Th(^ apparent relation between the several portions of the brain 
in their (h^velopment ; the normal state of tlic optic nerves in con- 
nexion witJi tlie d(‘fectivc condition of the right pair of the tuber- 
cuhi (]ua<lrig(‘mina ; f!he similarity in the state of the arteries sup- 
plying ('ith('r Iumnsph(‘r(i of the brain ; the irnp^Tfect and perverted 
developiTU'iit of th(‘ It ft extremities in connexion with the deficiency 
in fli(‘ right hemisjdiere of the* brain; and the anatomical condition 
of tfje left hip-joint, seem t<» the author to be the principal points of 
int(‘rest in the case which he detaih'd. 


Dtscriptiott of a Case of D( for mitt/ of the Pelvis^ in trhieh the Cevsa- 
Tvan Operation was suecessfulhj performed, Bt/O, B. Knowles, 
V., F,L.S., Lecturer on Boiantj at the Birmingham School 
of Medicine, 

Propositions concerning Tgph us Fetter, elednced from numerous Obser- 
vations, Btj Dr, Pekky. 

Isl. Tliat ty])h\is iewY is an idiopathic disease, solely produced 
by eoutagioii, that is, by the introduction into the system of a spe- 
cific animal poifon. 

'ind. That tKs sj)eeific poison is (as far as yet known) only gene- 
rated in the hu ^aii body during the course of this idiopathic fever. 

,‘lr(l. That in’’ ther fever, arising either from general causes, tis 
cold, fatigue, i,\i*|roper iugesta, local losioiivS, or marsh miasmata, is 
capable of gi‘iu* Jling tliis s])e^c poison, or, in other words?, pro- 
ducing coiitagio^^ ty])hus. 

4t]i. That this-^'-oiitagious idiopathic typhus runs a certain course, 
which may be modified, but cannot be checked, and is distinguish- 
able from all oth(^ fevers by certain symptoiiLs, w hich, in a greater 
or less degree, arWiniformly present during its course. 

5th. That the following is the usual coiirst* of the symptoms by 
which contagious typhus may be distinguished, viz. languor, nau- 
sea, frontal headach, rigors, loss of strength and appetite, followed 
by inefease of thirst, quickened pulse, heat and dryness of skin, pain 
of back, or general soreness^j^r body. The tongue becomes white at 
tlic base and centre, florid at the tip and edges, and on the fifth day 
fron^pthe first att^.k of headach, rigors, or nausea, a reddish slightly 
elevated, but irrePilar pai^lar or measly eruption comes out, some- 
times sparingly, m oth^sPnmes thickly scattered over the trunk and 
limbs, but rarely Appearing on the face. As the fever advances in 
severity, the frontp headach abates, the tongue becomes dry and brown 
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ill the centre, tiie eyes dull, heavy, and suHused, the pulse quicker, 
the thirst more urgent, the skin more dry and warm, and the mind 
disturbed. On the sixth day the eruption, becomes more general 
and distinct, like rubeola, occasionally fading or disappearing sud- 
denly, and becoming as the disease advances flattened and of a 
darker or duskier hue; and when tlic fever is accompanitHl with con- 
gestion t>f the l)rain or lungs, or ^^y thickening of the lining mem- 
brane of the broncliial vessels, it Jissumes that livid a])p('arance 
usually called })ctcchia. 'fhis eruption, when slight, frt‘(|uently dis- 
ajipears in a few days, but more frettucntly is visibh^ during the 
whole course of the disease. # 

titli. That sini])le iininixed contagious typhus usually continues 
for fourteen days from the first attack, whi‘n the febrile syin})toms 
abate, the eye becomes elcan r, the skin st»ftcr, and the mind com- 
posed, with less thirst ; there is sonudinu's a ^ligilt abatement of the 
syni])toius on the tenth day, ]Hirtieularly in ehildreii, at times nearly 
coinph'to. 

Till. T hat wiien tlu‘ h^brih' symptoms eontiniu' Ix yond tin* tiftej iith 
day without abattuiient, loeal lesions exist, to whieh must lx‘ attri- 
buted the longer contiiiuanee of the tebrih* symjitonis. 'J'he apjie- 
tite fVe(|ut‘ntly eontinues defeetive till the twi uty-first day, when all 
tile funetions iv>iiine their healthy action, 

8th. Tliat contagious ty})hus is often to Ih‘ met with in eond)ina- 
tioii with other diseases, usually of a loeal eharuettu*, as of the 
lungs, tile mucous membrane of tlie stomaeii and intestines, more 
particularly tlie aggregated glands of tlu‘ ilium, or the iiuuubranes of 
the brain. 

9th. That by the lo(;al diseases! action of the. parts abovi^ mmi- 
tioned, the febrile action of the system is ki*pt up; lyit the character 
of the dist*ase is ehangetl ; and in sueli east's it frdpiently goes on 
to a fatal termination, or abates upon the twenty-f¥.i:.t day from tUt‘ 
commencement of the disease. / ) 

loth. That betw(‘en the ages of s«*v(*n and fifeV iiineteen out of 
twenty are susceptible of b<*irjg afitetHl by eontal., us tyi>hiis if ex- 
posctl to the contagion, ami not j)rotccte*d by previously iiad 

the disease ; but tJiat children under five y(*ars ^re rarely affected 
with contagious typhus, and under two may continue to suckle or 
sleej) with the mother labouring under typhus ^^^lout catching the 
disease. 


nth. That contagious typhus is an exanthematous disease, and, 
like smallpox, measles, and scarlet-fever, during its counwi produces 
some change on tlie system, by which the individual having once 
undergone the disease, is (as a general rule) secured against a se- 
cond attack, and may with impunit) ^fwxpose himself to the conta- 
gion of typhus, if he continue to reside in the same country in 


which he previously had the disease. a 

12th. That contagious typhus never Ij^ists iii combination with 
any of the exanthematous diseases. \ 

13th. That in eveiy^ case of pure typhus tlup blood undergoes 
during the disease a considerable change, becoi| ng darker in co- 


l|^ts iij 
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lour, and in many oases losing the power of eoagulaiing when 
drawn from the arm, and in all cases being more loose in texture ; 
and when d(*ath ensu(‘s during the course of the disease, the blood 
contained in the heart and large vessels is dark ancl fluid. 

Mtb. That inflammation of the meml)ranes of the brain, of the 
bronchia, and of the nmeous membrane of the stomach and intes- 
tines, and various fl'brile affections arising from cold, fatigm% im- 
})r()per ingc'sta, <5v:c. «S’e., more particularly disease* of the aggn^gated 
glands of th(* ilium, and tiie mucous follicles, usually te rmed dothen- 
enterite, have* been confounded by medical practition(*rs witli typhus 
fl'ver, and an* characterized by dissimilar symptoms, and r(‘(pun? a 
very diflen'iit mode of treatment. 

l.'itli. 'Idiat tin* congested state of tin* vessels of the brain, the 
serous fluid on its surface*, and th(* ilark fluid state* e)f the* l)le)e)d are 
the* inee^t constant nn)rbiel a])pcaranccs tee ])c met with in post mor- 
ten» inspe'e*tie>ns e>f the)se* win) leave died e>f eontagie>u.s ty])hns ; anei in 
many ease“>i tin* only iiiorbiei a})pearance*s whieli are* te> be fe>nn(l, and 
tin* ne*\t in l‘re*e(u<‘Me*y, is tin* tliieke*ning or elarkt*!’ ap])earanee e)f tin? 
lining of the* breencliial membrane; and the* tliirel in e)rele‘r is the elis- 
eased state eef tlie* mueoeis membrane of the intestine's, more ])arti- 
cularly that eef the aggre*gate’el glands e)f tin* ilium. The* relative 
pre)])e)rtion ejf thex* state *s to (*aeh other varies eonsidera})ly, according 
to the* state of the we‘atln'r as te) he*at, dryne*ss, 

10th. 'That dotln'iK'nterites or (*iilargemeiit of tlie nmeous follicles of 
tin smalb'r inte'stine's, anel eniarge‘me*nt and ulce'ration of the* aggre- 
gateel glaiiels of the* lovvcv tiiird of the ilium, occurs in combiiiatie>ii 
with cetntagious typhus, and is to be met with in about one* in six of 
tlje)se* wdie) die* from typhus, but that it also exists as a disease /)cr sCy 
M'here it is ehai ^(^(‘rizeel by the fe)llo\ving symptoms : A (piiek, irri- 
tated pulse ; tor'* pie dry anel florid at the tip or thremghout, eiften tis- 
siire'el in ee*ntre \t hirst nrgemt; eyes clear; no complaint of fremtal 
he*adach ; face*' e*rnatcly flushcel and ])ale, more ])articularly flush- 
ing of one or V%h chce'ks ; less decided anorezia ; jiain of epigas- 
trium, or in the‘*,J[i:ht and left iliac regions on ])i>‘ssure ; oeeasiemal 
vomiting eif a g';*^e*nisli fluiei; sterols in general natural; abelomen 
slightly tumiel auel puffy, but the patient makes little complaint. 
The dise*ase may (*xistin every degrt*e of mildness or severity, having 
no regular jreriock of termination ; it may run on ferr two, three, or 
even four w'(‘e’ks, anel terminate in gradual ivsterratiem tei he*alth with- 
out any s(*nsible crisis ; or the patient may sink uneler it from ex- 
haustion, or by luemorrliagc from the bow els ; or it may end by 
somi* erf the* ul(‘t*rs of the aggregated glands of the low er third of 
the ilium pene'trating the of the intestines, and part of the 

contents being effused, exgj^g peritonitis, under wfliieh tlie patient 
sinks in the course of tw'O, or at most three days. 

The less comp ssible state of the pidse, the clearness of the eyes, 
the flushing of 1 c chedp, the more florid, parched, and fissured 
state vof the tond \ tlil^romparative absence of the frontal headach, 
and the complctn absence of the typhus eruption, sufliciently distin- 
guish this diseas^ from contagious typhus. To a practised eve, the 
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colour of the face, the flushiup of one or both cheeks, the clear eyes, 
with the irritated state of tlie pulse, are sufticient to point out the dis- 
ease and distiiipuish it from typhus. 

Wlion in. combination with typhus, all the symptoms are apgni- 
vat(*d in severity after the fourteenth day, and then beeoim^ mon! 
distinctly marked. This dis(‘ase is an equally frequent accom])ani- 
nient of smallpox as of typhus, and presents the same morbid ay>- 
])earane(‘s on post-mortem insj)eetion. 

In those who have died of this disease, of tin* mucous membram*, 
of the intestines, the blood in tin* heart and large* vt*ssels pres(*nts 
the same* appt'arances as in those who have died of chronic iidlain- 
nuitory disease*, in this respc'ct ditlering from its aj>pt*aranct* in typhus 
cases. 

The obsen ations on which these facts are founded wen* not made 
to establish. any theory*. 'Fhe reports of tin* cases and ])ost-mort(*in 
inspections are made in the pn sonce of all who choos<‘ to witness 
them; the facts oidy are pointed out, and all an* at liberty to draw 
their own conclusions from them. 

These sixteen ])ro])ositions, the result of cardul observation in u})- 
wards of three thousand cases and two hundred ))ost-mort(‘m insyuc- 
tions, un* considered as facts fully asct‘rtaim*ii. Tin* following are 
believed, but suflicient evid(*nce cannot as yet be adduced to ])rov(:‘ 
th(*in. 

1st. That typhus fev('r do<*8 not become infectious till the sixth 
day, and is most contagious when tlu* patient is in the convaU'sceiit 
8tat(*, when euticular descyiiaiuation usually occurs ; 

2nd. 'Fhat the contagions jmison is chi(*tly s])r('ad by the disqua- 
mation of the cuticle during the p<*riod of his convalescmicc* : 

3rd, That tlu* earliest period of tlu* disease* making its apjx'arance 
al’t(*r exposure to contagion is eight days, more frequently fonrt(‘(‘n, 
and sometimes as long as two months: Iv 

4th. Tiiat in ever\' case of g('miine tyydins fev(‘f jiie vessels rami- 
fied upon the pia inat<*r arc more or less enlarg(‘(fc' congested, and 
throw ont a s(*rous dnid betwixt the convolution*,) f tlu* brain and 
on its surface, winch to a certain degree compr(*lt’S tins organ and 
impairs its functions, and along Avith the morbid state of tlu* blood 
is fre(|uently the cause of dcatli in this disease. 


On the Use of Chloride of Soda in Fever, By Rob. J.GRAVKs,iT/.Z>. 

Dr. Grjives commenced a series nf clinical experiments in 1832 
upon the efficacy of chloride of so(c.$ijn p(dc*chial and maculat(‘d 
fever. He has exliibited this medium at* Sir Patrick Dun s Hospittil 
and at the Meath Hospital, where its effects haveJieen witnessed by 
a great number of physicians as well asWpils. ff^Thc form recom- 
mended is Labarratjue’s solution, which Iliri satlvatcd solution of 
chloride of soda. This was given in doses of fronj|t fifteen to twenty 
drops in an ounce of camphor mixture every ‘^ur. In the 
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commencement of fever, where there is great heat of skin and signs 
of vascular (.‘xcitement, its employment is contraindicated. It is 
also inadmissible in cases where there is decided evkhmee of vis- 
ceral inflammation. When the early stage of fever is past, when all 
general and local indications have been fulfilled, when th(‘re is no 
complication with local disease, when the patient lies sunk and pro- 
strated, when restlessness, low delirium, and more or less derange- 
nu'iit of sensibility is present, when the pulse is quick, when the 
body is covered with maculae or petecliiae, and tlie secretions from 
tlie skin and mucous membranes give (evident proof of what has 
bof'ii tiTuied a putrescent state of the fluids, it is then that tl\e chlo- 
rid(‘ of soda may be proscribed with advantage. It operates, although 
not rapidly, yet energ(*tieally, in arresting many of tlios(" symptoms 
wjiiclj en'atfi most alarm. It seems to counteract the tendency to 
tympanitis, to corn'ct tin; fcctor of the excretions, to prevent collapse, 
to promote a return to a healthy stab* of the secretions of the skin, 
bowels, and kidneys; in fact, it appears admirably calculated to 
meet the bad effects of low putrid fever. Its employment does not 
preclude, ihe use. of wine or other approved remedies. Dr. Graves 
has used it in several hundred eases of typhus, and strongly recom- 
mends its employment in that disease. 


Original Vleu'H of the Fmictions and Diseases of the Intestinal 
Canals By Dr. O’Beiuxe. 

Dr. O’Beirne eominenced by stating, that jilthougli the great nia- 
joi’ity of published and private opinions are strongly in favour of the 
views on this subjc’ct put forth in his late work, many objections and 
])rejudices remain to l)e remov(*d ; and that although his mode of 
treating enti* e. diseases has been most suceessfully employed for 
nearly twelve ears in Ireland, and wherever it has been tried during 
the last two and a half, it has not yet come into as general use 
as might lx* e^ i^cted. lie then addressed Jainst'Ifto the objections 
which Iiav(' bt'^Ty urged against his theoretical and practical view's, 
and advanced a' great number of facts and arguments to show the 
iinsoundness of those objections. Finally, he briefly related several 
eases of dysentery, strangulated hernia, and tympanitis, in wdiich 
the ii(*w treatment proved superior to any other, for the purpose of 
removing the prejudices wdiich appear to prevail so generally against 
its cmplojmient in those diseases. 



On Purulent OphthaJmlci. By Dr. Evory Kennedy. 

Dr. Evory Kennedy g^. a report of numerous eases of purulent 
oplithalmia of iii^fants, in which leeching, constant removal of the pu- 
rulent secretioii^and cajAtic applications, modified according to the 
violence of theJIttacJupiKl, in aggravated cases, the solid nitrate of 
silver, applied fi the interior of the lids, had proved most successful. 
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A notice oi’ the curved Drill Catheter, invented by Mr. Francis 
l’Est RANGE, was presentt‘<i to the meeting. 


Mr. Hawkins exhibited to the Section s])('cimens ol’ Harrington s 
patent l’21eetii/er. 


Abstract of a Registry/ kcj)t ia the Lt/ha/^ia Hospital of Dablia, 13y 
ItoiiKRT Col I. INS, late Master of that Institution, 

The numerous tables accompanying this communication were 
taken by Dr. Collins, with much care, from a registiy k(‘pt by him 
of l(>,dl 1* (leliv(^ri(‘s occurring in the Dublin Lying-in Hospital in a 
period of seven y(‘ai*s, ct)mmencing November IS^ib, during wliich 
he had the medical charge of the institution. 

The tables are placed in the following onler: first, tables relating 
to all pn^ternatural j)res«mtations met \\ith in lb, lit d(*liv(*ries; 
next, those relating to laboui's com})li(‘at(‘d with hannorrhagc' ; 
tention of tlie placenta; convuNions ; rupture of tin? uterus (n* va- 
gina ; with two or mon^ children : or when tin* fnmis iimbilicalis 
descended Ixdbre tin* cliild ; and lastly, n^lating to tin* niimlxT of 
still-born children, and tin* number dying during tin* ])('riod of tin* 
mother’s residenci* in the hospital. 

The total uumbt*r of prt‘ternatural presentations nu't with in tin* 
hospital during Dr. Collins's r(*sidenc(‘ as master was (not in- 
cluding those occurring in twin cases,) or 1 in ev(‘ry 10. Of tlio 
4-09, were bre(*ch ^ires(*ntations, 127 were cases of pr(*sentatiou 
of the feet, 40 of the ami or shoulder. 

Of cases of haunorrhage, 11 wen* unavoidable; 1.3 w'(*r(' acci- 
dental; Gt occurr<*d betwe(*n tin* birth of tin* child anil tin* expul- 
sion of the after-birth; 43 were subs(*(|uent to expuU''on ol‘ tin* pla- 
ct?nta- /l i 

Sixty-six cases of retention of the j*lac(‘nta occurmc i ; 30 cases of 
convulsions; 31* cases of rupture of uterus or vagmif; 210 women 
were delivered of twins. Of tin* 480 childri'ii, 422 lt'(*re born alive ; 
245 were males ; 309 pn*sentcd naturally ; 73 w ith tin* breech ; GO 
with the feet ; 7 with the arm or shouhier. 

There w ere 97 cases of prolajisus of the undiilical chord. 

Of 1G,G54 children, 1,121 were still-born: 527 of th(‘si* were 
putrid ; G 1 4 were, males. 

Of 1G,G54 children born, 211/ died previous to the motlk^Fjeaving 
the hospital (g(*nerally on the 8tli * 9th day after delivi'ry). 

All the results above stated an^fuA^ <'r analysed with reference to 
the age of the mother; first, second, of pregnancy; length of 

time in labour, and other circumstances important to medical science. 
It has l)een found impracticable to abstrm*t the nmnerous and de- 
tailed tables and deductions contained in fWs valuPde registry, so 
as to <lo justice to the author s view's, withou|bp^np}|>ig many pages. 
Dr. Collins refers on some [joints to his ‘ Practical ' Veatise on Mid- 
wifery/ i 
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MECHANICAL SCIENCES APPLIED TO THE ARTS. 

On Impact atid Collmon. By Eaton Hodgkikson. 

Mr. Tlodgkiiison rt^ported to the Section the n^sults of certain ex- 
periin(‘nts inad(^ by him on impact and collision, in continuation of 
those coniinuuieut(‘d to tln^ Association in the year 1834 on the 
collision of impei’fectly elastic bodi(?s. The results were, 

rirst, 'I'liat cAst-iron bcaiiLs being impinged upon by certain 
heavy mass(‘s or balls of metal of different kinds, were deflected 
through the sam<‘ distance, whatever were the metals used, provided 
that th(‘ \\'eights of the masses w(*re ecjual. 

Secondly, 'J'hat the imi)iiiging masses rebounded after the stroke 
throiigli the same di>tanc(*s, whatev4*r was the nuital of which they 
were com])(»sed» j)i*ovided that the weiglits Avere the same. 

Thirdly, 'fhat the efi'ect of the masses of diffi*r(‘nt metals imping- 
ing u])on an iron ))eam w iuv entirely independent of their elasticities, 
and were tlu' same as they would give if the impinging masses were 
inelastic, 

INIr. Ilodgkinson also gav(‘ the result of some in teresthig experi- 
mmits on tlie fracture of Mires under different states of tension, from 
Avliicii it ajjpcaj’ed that the wire best resisted fracture and impact 
Avhen it Avas umh'r the tension of a Aveiglit a\ Inch, being added to 
tl)at impinging u])oji it, e(pialled one third of tlu' force that Avas ne- 
cessary to break it. 


On die Solid of least Resistance. By J. S. IIussell. 

Mr. Russell is calhal u])on to give an account of a ncAV form for 
tlie constructio,|Mpf shij)s, by Avliich they should experience least re- 
sistance* from ti, |lwat<‘r in their jnissage through it. A vessel of 75 
ftH‘t keel and ()'*Te<*t beam had been built on this ncAV formation, 
and made the subject of very accurate ex])eriments, from which it 
appearetl that this vessel, named the “Wave”, experienced much less 
resistance in passing through the M ater than vess(‘ls of the A ery finest 
formation and from the best builders on the old construction. 

Mr. Russell then detailed wevy minuti^the mode of forming any 
vessel cA||is ])lan when the length av^f^readth \Aere given. The 
peculiar^f in gi'iu'ral terms, apj^^Sio be the formation of the en- 
trance li* from parabolic arcj^loas to have a i)oint of inflection at 
about oni^ixth part from of the vi'ssel, before Avhich the bow 

is concave externally, givbl^he finest possible entrance at the stern, 
at an angle of contact, infinitely small, and behind Avhich the con- 
vexity is externa^ and th^brmatiou elliptical to the midship section, 
after Avhich the )rma^p becomes wholly ellipsoidal. Mr. Russell 
had been inductJ to f?oKider this solid as the solid of least resistance 
from a pluenomJ on tliat anoeared to distinguish this form from all 
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othei's, namely, tliat it entered the water at the highest velocities 
witliout breaking in the slightest degree the evenness of its surface ; 
that, while at high velocities all other formations dashed the water 
into spray or raised it in waves above the surface, this vessel, at ve- 
locities of 16 in' 18 miles an hour, appeared to giv(! no motion to any 
particles of water, (excepting such as happ(*ned to lie in its path. He 
considered the entrance into smooth water without rudiing the sur- 
face as tlio criterion of minimum resistance. 

Mr. Russell observed, that the form had been constructed on a 
hypothetical view* of the subject, viz. that the minimum force recpii- 
site to alter the jiosition of any fluid particle would be that w hich 
gave to the partich* a uuiforinly accelerated vi‘locity through the 
former half of its path, and a uniformly retarded velocity tluring th(i 
remainder ; tliat the well-known relation i>f the e(Jordinates of tin* 
parabola aceomplislied this in the manner fonmu-ly explaiiu'd, but 
that he resteil for the proof of the correctness of tin; llu‘,ory u])oii 
the experiments he had alreadj" adduct‘d. 

Mr. Russell then described a very simph' mod(* of construction, by 
which the ordinates of a circh* or a table of siiu's might be used so 
as, in the most ehunentarv mechanical manner, to form a very close 
approximation to tlui solid of least resistance; ; and he concluded by 
drawing the lines of a vessel of given dimensions according to the 
new formation of least resistance. 


O/i Vibratiofi of Ihillica^s. Sf/ CapL Denham, 

Capt. Denliain ascertained that the vibrating (‘ffeets of a }>assing 
laden railroad train in the open air extended laterally on tlie same 
level 11 10 feet, (the substratum of the positions being the same,) 
w hilst the vibration was (putc exhausted at 100 f(‘et when testiul ver- 
tically from a tunnel. 

The tunnel was through a stratum of sandstoiiJc lock : the rails 
laid in the open air on a substratum of 12 fec't of fcfarsh over saiul- 
stone rock. The method of testing was by mercury reflc'cting ob- 
jects to a sextant. The experiments wen; made in tin; neighbour- 
hood of Liv(‘rpool. 


On certain points in the '^heory of the Constrmtion of Railroads* 
By the Rev. Dr. a3^^dner and C. Vignolles^.p p 

i^r! 

On the Monthly Reports of the Duty ^^rJ^steam-engines ethployed m 
druinhty the Mines of Cornwall. Tty John Taylok, F.R*S.y 
Treasurer of the British Association. . 

^^r. Taylor observed that he had found J|;^is ai other Meetings 
of the Association considerable interest to be expr ^sed with regard 
to this method of recording the actual effect prod ced by the con- 
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sumption of a given quantity of fuel, and recommended it to the 
notice of engineers in general. The monthly reports alluded to gave 
the means of comparing one engine with another in this district; 
they also afforded an historical view of the progress of improvement 
in this important machine; and they had, Mr. Taylor believed, 
contributed largely to that improvement, by the emulation and at- 
tention excited by them in the persons who had the charge of con- 
structing and managing the tmgines. 

Mr. Taylor stated that the work done in the best engines now 
cnn)loyed in Cornwall by the consumption of one bushel of coal, re- 
quin‘(i bm or twelve years ago the consumption of two bushels ; 
that iluring tlie period of Boulton and Watt's patent four bushels 
were consuiiuid to do th<^ same work, and that in the earlier stages of 
tIl(^ employment of steam power the quantity of coal used was 16 
busliels. So tliat by the })rogressive advance of improvement one 
bushel had become sutlicient for the duty that formerly required 
sixtec'ii. 

Mr. laylor, in remarking on the importance of this subject to the 
de(?j) mines of Cornwall, stated, that the steam-engines now at work 
for the purj)oS(^ of draining the mines tiiere wen^ (Mpial in power to 
at h‘ast 41,000 horses, and that as some doubts had frequently been 
(‘xpn'ssefl as to th(‘ accuracy of the results shown by the duty re- 
ports, he had eom[)ar(‘d tinnu some time since with the accounts 
of tin* (M)al actually used in some of tin* priuei])al mines at dilterent 
pt'riods, ])y which In^ found the saving of money wa^ as great as the 
rc])orts indicatcti, and tliat their general accuracy was borin' out 
fully by the account books, where this was incontestably proved. 


Deserq)tio7i of a Selfregisterintf I^aromcter* 

St E YELL Y. 


# 


By Professor 


During tll(^ oscillations of the common barometer, u hen it falls, a 
eertain (piantity if mercury is added to that alieady in the cistern, 
which of course *2dds so much to its weight; on the contrary, when 
it rises, mercury retires from the cistern, wdiieh thereby becomes so 
much lighter than lieforo. If, then, the tube of a liarometer be fixed 
firmly in its place, but tlio cistern be by any means so suspended as 
to mo 4 downwards by equal distances for equal additions to its 
weight, ^^l to rise similarly for similar (B^iiuitions of its weight, it 
is clear a scale may be placed cistern ; and an index 

carried ^mihe cistern may be j||5ac to mark upon the scale a 
variety ojiositions eorrespom^rff to the rising and falling of the 
commoiuJPirometcr. It shown to any pei'son even slightly 

conversant with matheniatrcal subjects, that the range of this scale 
may be made to bear any jiroportion to that of the common baro- 
meter. Supposiijjfe for ay instant what is now stated to be accom- 
plished, it is obv^is pencil may be so attached to the cistern 

as to rise and fallyith it, and thus to mark on a properly ruled sheet 
of paper, carried clockwork across the instrument, the indications 
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of the barometer at the successive liours of the day; and thus a 
curve representing the actual cliurnal oscillations of the barometer 
can be plan'd •before the eye, and a registry kept from day to day 
on separate sheets of paper. The mean curve can also be had by 
making the pencil traveiNe, day after day, for a long perio(j, the 
same sheet of paj)er ; for the pencil-marks will at length become 
blackest an<l heaviest upon the parts corresponding to the mean 
curve ; and thus all tin* labour of actual obsei'vatioti, registry, &c. 
will be avoided, and thus, too, much of the trouble of n'liuetion, if 
not all, will be saved. 

Many inechaui(*al methods <if suspending the cistern will n'adily 
suggest theiu>elves t(» ]iei*sons conversant with practical matters ; but 
the method that is ]>referred by the author is by a iiiereurial iiy- 
dromett'r, the cistern, for the sake of stability, being suspended 
uiKh'rneath the hydrometer, as in Ut»nchetti*s nuxiitication of Nichol- 
son’s hydromeh'r. Tin* aeeompanying drawing will gi^ an idea of 
the form of the in^tninient ; the following is the deserij)tion of it. 
Tfio gnide-wh(‘els and supports are omitted. 

B the baromc'b'r tube (it may b(‘ of 
iron) firmly tix<‘d in its places and dip- 
]>ing b(‘low into 

(‘, the* cistern, which is suspt'iided by 
F, a frame, snp])oi’t»‘<l by 
S, tin* pillar nr stem of 
H, the hydroiiK'ter ball, wJiicIi lloats 
in 

A, a vess(‘l firmly fixed, and eontain- 
ing th(» iiUMCiiry (or other fluid) in 
which the* hydrometer floats. 

In the ileseription of this instnnm'Ht 
give-n to the Subsection, was sup- 
posed yiat the snrlaer^'of the mercury 
in the cistcTU and inf /e vessf'l A were 
so large that the rising or falling of 
the fluid in these vessels might be 
neglected ; also, since* the^ instniinent 
is very sensible, it was suppo-^- 'd that 
the lower part of the baromv, r tiilie 
which dips into the cistern, mid be 
'4<'*-lerod very small, in o^^Ji* to di- 
miih ' . unsteady oscillation.^).J‘\lso the 
internSl^ "lart of the baronfcj er tube 
B at tfi/^"'pper part, th^j^xternal 
part where ft dips into the itfercnry in 
the cistern, ^ well as the cistern and 
the vessel at th^ surfaces of the 
. c mercury in thwt^.weiy all supposed to 

be cylindrical. Arid w was then shown 
in a yiopular manner, that if the internal cross se|^ion of the baro- 
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meter tube at its upper part were made equal to the cross section of 
the pillar or stem of the hydrometer, the sensibility of the instru- 
ment would be too great for practice ; the scale in that case would 
be lengthened out indefinitely, since the hydrometer could never 
sink sufficiently to attain a position of equilibrium upon a fall of the 
barometer, and vice versa, ilut if the cross section of the stem or 
pillar of tlie hydrometer b(? made twice as great as the internal cross 
section of the upper part of the barom(?ter, the rising and falling of 
the cistern would Ix' exactly equal to the rising an<i falling of the 
coinnioii barometer ; and therefore the scale of this instrument would 
then ])(i e<pial to the scale of the common barometer; and betw^een 
tlu‘s(i limits any desired scale*, liowev(T long, may b(? obtained. A 
scale shorter than tbat of th<» common barometer may also be had 
l)Y increasing the cross s<‘ction of tlie stem of the hydrometer be- 
yond tin* above* limit ; but this is not likely to be ever desir(*d. When 
it is d<*sirabl(* to save, expense, the hydrometer may be made to float 
in water ; i>ut of (^mrse its dimensions w ill require to be much 
gn'ater in that cas(* : or the cistern may be counterj)oised, and a 
cyliii(U*r like the stem of the hydrometer, dijqung into the niercur}’’, 
may, by its varying i)uoyancy, be made to n store the eqiiili])rium. 

TJie e\a(^t mathematical formula which gives the r(‘lation of the 
scab* to that of tin* common barometer, w'hatever be the dimensions 
of tlu' parts of tlie instrument, is of tin* form ch x C, where 

i /i is tile variation of the height of tlu* common barometer, is 
tin* eorri s|)on(liijg part of the scale of this instrument, and C a con- 
stant de[)<*iiding for its value upon the dimensions of the several parts 
of tin* instrument. 

Professtir Stevelly also described a \'ery sim})le and cheap instru- 
ment for weighing hydrometrically, the sensibility of w^hich is very 
remavkabh’, — a 115*1 rometer-ball w ith a stem of steel wdr^e, having 
u])on it one or tw o dots of gold, and a scale-pan attached to it, either 
above* as in Nieliolson's, or below as in Ronchettfs modification of 
th(^ Iiydrometer. An indi^x, or a microscojie w ith a horizontal ware, 
is attached to llie side or cover of tlie vessel in wdiich the hydro- 
nu*ter boats in sncIi a way tJiat it may be steadily and slowdy raised 
or low ered to mark the posititui of the gold-dot, instead of taking the 
indications from the surfaet^ of the tluid, as in the common method. 
TJn^ J^ight of the substance to bti weighed is then had bv placing 
it in scal(‘-pan, bringing the index or ware of the microscope to 
mark J^iositioii of the gold-dot, theii^^^uoving tlie substance and 
substit^Bp for it know n w’eiglits dot is again brought to the 

same pSTion. Since the adju|||{^^t takes place at the instant of 
using tlBinstniment, it beconip^iimost incapable of being deranged, 
and thijA very* correct batfRe may be had by a common apothe- 
cary's pBil, with a little mercury to steady it, and a knitting-needle 
pushed iiown through its ^ork, and a scale-pan placed above. Every 
person knows th| diificuj^ of adjusting the common hydrometer, and 
its liability to (wang^Hnt. 

The same prieijiTe may be readily conceived to apply to the con- 
struction of a sA-reffisterinff rain-srauee. 
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Mr. Andrew Pritchard exhibited examples of various kinds 
of apparatus constructed by him for illustrating the Polarization of 
Light ; and gave a brief account of his improved achromatic micro- 
scope, one of which was placed upon the table. 

The construction of a simple polariscope invented by Mr. Pritch- 
ard was explained. The crystals to be examined were mounted in 
slides and introduced between tourmalines, by which m(;ans sections of 
any crystals that present themselves may be examined, and the cell 
of the up})cr tounnaliiui being removeabie can be canployed for other 
cxjRU'iinents. A Jr'iis was attach(‘d for eondensijig artiheial light. 

The m('ehanieal ])art of the achroniatic microscope ])ro(luced was 
constructed on tin* priiiciphis recently published by Dr. Goring and 
Mr. Ih’itchard in tlu‘ir works on the microscope : tlie chief feature in 
the optical part was the ex('ciition of a set of object-glasses which 
adniitb'd a ])eneil of light o\' sii ttj-ehfht degrees, free from spherical 
and chromatic al^erration, having the ol)lifpie pencils )iearly correct 
and till* tiijd of \ iew inoderat(‘ly tint, Mr.Pritcifard stab^d (‘xpiwssly 
of this instrument, that it was the simplest that had yed been eoii- 
strucbMl that would accomplish all the work that migiit b(‘ n^piired 
of a microscope, either for g<^neral examination, dissection, or minute 
investigation. 

Preparations of various classt's of microscopi(5 olfjcets in Canada 
balsam were exhiliited. 


Mr. Hawkins ('xjdained the principle of Saxton’s locomotive Dii- 
ferential Pidhw; and a mod(* of producing rapid and uninterruph'd 
travelling by moans of a succ(‘s.sion of such pulhws set in motion 
by stt?am-engines or by horses. 

Mr. Cheveuton read a paper on Mechanical Sculpture, or tin', 
production of busts and other works of art by machinery, and illus- 
trated tin* subject by sjaoimens of busts and a statue in ivory, which 
were laid on tin* tabh*. This machine, in common w ith many others, 
produces its results only through the medium of a model to govern 
its mov(*nn*nts ; but it has this ])('culiarity, that tin? copy w hich it. 
makes of tin* original is <jf a size reduced in any proportion, and 
that it i.s enabh'd to etfi'ct this result not merely on surfaces, ^'och as 
bas reliefs, but in the rouinl figures, such as busts and statiy r 


Mr. Ettkick gave an accoun.*., f^eertain improv(‘inentl^^‘Oj)()S( d 
by him in tin* Astronomical.Clock'%{! '^giving tin; p(*iidubl ^ a fre(* 
motion at right angle.s to the line motion, aiid fhtLj)y pn*- 

veuting the ten(h*ney to acr|nir(* a ei re mifr* motion by any|j^l||n*op(*r 
adjustment of the pendulum-spring. v 

He described a mariner’s steeriiig-compi js })rovid(*d w itn itw o ad- 
j*ustnn*nt.s, whereby the card was^madc; to bearings on tin; 

iiorizon; the variation and loc;al attraction alleg ed for by regu- 

lating the position of the needle on the card. 



TRANSACTIONS OF THE SECTIONS. 


11.3 


He also read dn account of certain improvements on steam- 
engines, for making available the power of the steam of high-pressure 
boilers, which is below the pressure of the atmosphere, by allowing 
the high-pressure steam to pass off into tlie atmosphere, and allowing 
the steam of low pre^sui'e to pass into a condenser through a secon- 
dary slide. He gave a descrijDtion of a method of securing the seams 
of boilers by longitudinal instead of the present circular clenches ; 
and of a machine for drilling boiler-plates as rapidly as they can be 
punched by the punching-niacliine. 

Mr. 11()J3EHTS exhibited a machine which renders objects visible 
whil(} revolving 200,000 times a minute. 

If a firebrand bo whirled, in the dark, round a centre in a piano 
peipendiciilar to the eye of the spectator, it will present the appear- 
ance of a luminous circle. From this fact it has been inferred, that 
the imjjression on the retina made by the luminous body in its pas- 
sage through ev(Ty point of the circle, remains until the body has 
completed a rc'volatioii. How rapidly soever the firebrand may bo 
made to revolve, the cin^l^ and therefore every part of it, will be 
distinctly visible ; hence a proljability arises, tliat at the greatest at- 
|biinable velocity a perfect impression of the object in motion will 
still be ])rodueed ou tlie optic nerve, provided tliat the time of view- 
ing sucii object ])e limited to that which is required for passing 
tliroiigh a small space — small, at least, with reference to the 4ze of 
the r(‘volving ]jo(ly, — and also that no other object be presented ou 
tlio field of vision l)efore the former spectrum shall have vaiiished 
from the eye ; unless in the ca.se of the same oliject vmdm’ similar 
circumstances. The. fornu’r of these conditions i.s provided for in 
machine No. 1, in whi(di tlie (‘ye-hole is made to travel through 
ISO feet between overy two inspections of the moving olijeet, and 
w hich obj».‘(!t is ntade to assume, a ditterent position at each succes- 
sive inspection. I’lie latter condition is included in machine No. 2; 
the o])ject is tliere pn.'sented to the eye in one position only. 


On tlm 

Projt?\ 
landy ; 



STATISTICS. 


Mislics of the Dtthlhi Foimdlina^ofipifaU find cn Child 
^ in the Clip of Dublin. .R^mExuY Mauxsell, 

of Midwifery to the College of Surgeons in Ire^ 

Ordinary "Member Medical Society (f Leipzig. 


J hirty-four year^^miprised between 1798 and 1831 (in- 
[ere w ere admittwl 51,523 children. Of these, 700 w'cre 
y restored to thiiv parents, and 12,153 died immediately 
in the nursery. These rfter must be considered as having been 
destroyed by th^ac^(i|pesertion, and therefore cannot foirly be 
charged to the amount of the hospital. 
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JLet US deduct then from the original admissions, viz. .... 51,521 

Died immediately 12,153 1 i o 

lleturned immediately • • . 700 J ’ 

The remainder sent to nurse will be 38,67i 

Of these there are now alive in the country, under their! 
ninth year j 


Balance to be accounted for 37,71' 

Let us now examine how many of these have reached their nint 
year. 16,976 deaths under the ninth year have been ascertained t 
have taken jjlace in the country; and 8278 children were lost sigh 
of in diflPerent years (from the first to the fourteenth) of tlieir age 
In the records of the hospital, those children whose fate has no 
been reported arc considered as dead ; but as it is certain that chi] 
dren were frequently retained by their nurses from motives of a] 
fection, it becomes necessary to inquire what proportion those s 
retained bear to the whole. It appears that 694*9 were never brough 
back to the hospital after having been first sent to nurse ; and it i 
probable that ^l these died so early as to make it not worth th 
nurse’s while to apply for the small sum of wages to which she woul 
be entitled. The number unreported is at its minimum in the thir 
year of the child’s age ; and from that period it increases for scv( 
ral years. The fourth or fifth year being the period when the nurs 
might become fearful of the child s being removed from her, w 
shall probably not be far wrong in leaving out of the question thos 
that wMzy have been kept back during the first three years, and ii 
supposing that all those unreported ^ter that age have been re 
tained from affection. • 

Of the whole balance of 37,717, we shall then be able to accoun 
for, as alive at the ninth year, the following : 


Drafted into the hospital above their ninth year 994( 

Left in the country after their ninth year 147’ 

Restored to parents, having been returned from nurse ... 35! 

Probably retained from affection 105( 


Total living at \heir ninth year ^12,83! 




During twenty-four years oi- ^ period incliided in tht^^.regoin^ 
statement, children were receivhi^at all sesu^ons of th^.'ear, an< 
without any restriction whatsoever , i 
by carriage from distant places in sev^ 
admissions were restricted, during the venter months, 
deserted in the city of Dublin and its 
received without a certificate of its actui 
rents being unknown. Five pounds were* 
warded with each child from its parish. 


\yirons ; and noV^tiild wa 
^esertH m, and of its pa 
r^iuired to be for 
In con iquence of thes( 
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changes, the average annual admissions at once fell from 2000 to 
500 ; and the rate of ihortality was altered as will appear in the 
following statement : « 

During the five years from 1822 to 1826 (inclusive) there 1 ^339 


were admitted.^ / 

Returned to parents immediately 14? 

Balance to be accounted for 2325 

Of these, 

Died immediately 172 

Died lit nurse before ninth year 819 

Died after return from nurse 39 

Not reported up to ninth year, many of whom mayl 
have been retained from affection J 

Total dead or unaccounted for 1161 

Total alive at ninth year 1164« 

¥ 


Aceonling to the Northampton table, the survivors at the ninth 
year, of 2325, sliould be only 114*3. 

Since the year 1831, the Foundling Hospital has been closed, and 
(^ach parish has been charged vdth the care of its own foundlings. 

Tlie accompanying table will sliow the mortality among found- 
lings in those parishes of tlie city of Dublin in which records were 
kept. 


Return of Mortality of Foundlings in some Parishes of Dublin, 
from the closure of the Foundling Hospital in 1831 to January 
1835. 



Anne’s. 

Bride’s. 

George’s. 

Mary’s. 

Peter’s. 

Thomas’s. 

Desfp^oris 

' 

18 

32 

20 

26 

74* 

37 

Dieil'V 

i 

12 

U 

10 

21 

24* 


The 

been asc 
cedirii 
also 
imperfbT,^ 
greatly R 
a contrast 
was closed 



iwing ta^ shows thj^^ber of infanticides that have 
ined to Mve occu^^^ in Ireland during two years pre- 
1, in the coui|||jgSlr which the hospital was closed, and 
the years 183^^ 1832, 1833, and 1834*. Owing to the 
III of the records the number in all those years must be 
W the truth, ^t is however so far valuable as it shows 
between j^jfbds during w'hich the Foundling Flospital 
and ( 
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Infanticides. # 



The average expense of each child in charge of the Foundling 
Hospital, at a tinuMvhen a large boarding-school cstablishnicnt, with 
educational and hospital staff, was kept up, may be stated at 51. pi'r 
annum. In tlie year 1826 tJie whole number of cliildren amounted 
to 6389; and of these upwards of one sixth were maintained in 
the hospital at an annual expense, for feeding and clotliing, of 
from 6/. to 7/. per child. The whole expense during that year was 
33,729/. 95. being a fraction more than 5/. per child. This • 

included all expenses, salaries, wages, annuities, r('})airs of buildings, 
and apprentice fees. 

Under the present parochial system, the nurses’ wages alone va- 
ries from l5. i\d, to 2s. per week, or from 3/. 18.v, to 5l. 45. per annum. 
There is also an additional expense incurred with ('uch child for keep- 
ing l)eforc it is sent to nurse, which in one parish (Anne’s) amounts 
to 5s. per diem. The parish children ani as yet too young to rofpiire 
any additional expenditure ; but in a few years a considerable de- 
mand must be made for education, clothing, and apprentice fees. 

The items of (*xp(mditure in the Foundling Hospital, exclusive of 
salaries and expenses of ('stablishment, are as follow : 

Allowance tc^ nurse for first five years, 3Z. per annum, with, at the 
end of the first year, a gratuity for good nursing, of 2l . ; after the 
fifth year, 105. is allowed yearly for clothing and education. 

A talde has been constructed, showing the proportion of the sc'xes 
of children received into the Foundling Hospital during twinity-foiir 
years; from which it appears that of 32,324, 15,179 we r/A|<uales, 
and 17,145 females. ; 

The large tabic from\ 'dch the statements madeii}/v>‘‘ com- 
mencement of this abstract'>W|A deduced, coxdj»,ins sevci h ^ articu- 
lars respecting the children in v\;i»rge of the '^ospital 1798. 

These, however, would not admit d^dyeing presented in af ;/:ract. 

Tables have been constructed, shcKfli^ the yearly nui^y^ gf ad- 
missions into the Foundling Hospital frofn the different of 

Dublin during twelve years preceding its tlosure, and also^^? yt'arly 
number deserted in the same parishes siS^e the shutting \tp of the 
hospital in 1831. The results of these are\te;|4rastcd in the accom- 
panying tables, which show the average yean>" dfese^pons under each 
system. 
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On Wages in India, By Lieut.- Colonel Sykes. 

Colonel Sykes read a statement of the rate of wages in India 
measured in kind, and also measured in money. He enumerated 
some of the various places in which he made his inquiries, for the 
purpose of slidwing that towns and villages the most distant from 
each other werti chosen to prevent the mistake of adopting local 
rates as if they were of general operation. Labourers in India an^ 
seldom paid in money, except when grain is very dear, a custom 
obviously injurious to the labourers. Wages in India arc very low. 
When paid in money, three rupees (rather less than six shillings) is 
the usual monthly pay of a labourer in agriculture, without food, 
clothes, lodging, or any other advantages. Tlu^ cause of the low 
rate of wages of labourers in India appears to be the small quantity 
of useful work tlniy do. The author states, that when in the Poona 
colh'ctorate oii the Kitli of February 1829, he ovf'rtook tAV(‘lve or 
fourt(‘«‘n men and women witli bundles of wlieat in tlu* straw on 
their heads. On inquiry, he found they had be(‘n enq)loy(Hl as la- 
bourers in imlling up a field of wheat, d'lu'ir wages laid beem fivc^ 
sheaves for every hundred gathered : two or thret^ of the men had 
got five slieaves each, the majority only four, and none of tin* women 
more than three. Five sheaves, they said, would yie ld about an im- 
perial gallon of wheat, and would sell for about threepeuce-hali'peuny 
sterling. 

At the end of his ])apor tlu^ author formed some tables, in which 
he placed in juxtaposition the rates of wages ])aid to different classes 
of artificers, servants, and labourers under the British governmemt 
in 1828, and Peshwa’s government in 1811*; and also tlu' prices of 
grains, pulses, and other artichis of the ordinary consum[)tion of 
labourers under the British government and under the Peshwa's 
government at the same periods, viz. 1814* and 1828. 

These tables show a marked improvement in the wages of all 
classes of labouri'rs, although grain became from 20 to 50 ])er cent, 
cheajjer under th(i British than under the Peshwa government. 
This increase? has b(?oii greatest in tlic wages of the Iow(‘st (jiasses of 
hibourers. 


Remarks on the Statistics ^ntained in the Ordnance SurreJ^fj f the 
Parish of TemphnioK^' By C. Babba«^ n, F.R.S.,f • 

IJi' ^ i 

To discover those j)rinciples will ena(^j the greav'^^, num- 

ber of ])eoplc by their combined excl^^rips to exv.t in a stall; !;>f ph}> 
sical comfort and of moral and intelleCTrm^iappiness, is the ^>|^tij> 
object of statistical science. 

To effect this object, religious, moral, artl practical instrilT itni are 
necessary ; and to enable us to reason froV the sound ba?^ of ex- 
perience, we must patiently collect and cl^Oy those facts which 
affect the well-being of mankind. These fa^?tl^4uij:e beem so col- 
lected lor one district of Ireland on an extensive scaJf* in the present 
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volume, and so well arranged and classified, that each person de- 
siring to put his theoretical views to the test of experience, or to 
generalize from the fertile field of instances here collected, may 
most readily separate the facts which he desires to make use of. 
Professor Babbage concluded with soi^ observations on tlie man- 
ner in which, in future periods, this monument of industry and in- 
telligence will contribute to the amelioration of the moral and phy- 
sical condition of the people. 


Inquiries carried on hy the Statistical Society of 3Ianchcster, 

Mr.W. R.Greg and Mr. W. Laxgton presented on belialf of the 
Statistical Society of Manchester tin* heads of iinpuiy and the forms 
used in conducting their impuric^s into the state of education, into 
tlu' condition of the working classes, and into thti means existing for 
the religious instruction of the working classes. 

Tliese inquiries have Ix'cn instituted in Manchester and in sonic 
of tlie neighbouring tonus. 

Mr.W. Langton read to the Section an abstract of the Report of 
a Committcii of the Manchester Statistical Society on the State of 
Education in the Borough of Maiicht'ster ip 1834. 

The Report slfowed the following results. 

The numbers tlieu attending the different schools in Manclu'Ster 
Were 43,301* ; of whom 

10,108 attended day and evening schools only^ 

10,011 atti'iided both day and Sunday schools, 

23,1 <85 attended Sunday schools only. 


43,304 

The po})ulation of the borough of Manchester being tlien about 
200,000, tlie number of persons receiving instruction was 2H- per 
cent, of the population. Of those attending day and evening schools 
the numbers gave a proportion of about 10 per cent, of the popu- 
lation. 

Frcf^the number of about 43,000 scholars 10,000 were deducted 
en’ronder 5 and^ove 15 yeai’s of age, which left about 33,000 
I'll between the gx^Sof 5 and 15 under course 
liole number j^^Siildren bJlween the ages of 
111 of MaiJ'^ster being estimated at 50,000 
FpopuIati<^|fit would thus appear tliat about 
i, and that 4rd are receiving no inr 


as beif 
as the 
of instr ’ 



•l-rl 

struct I 
The 
Kerry's i*' 


nder 5 and ^ 
ber of cliih 
n. Thef 
the borJ 
tJie whold 
number arc ede 


I at ever. 

riis made by tile oversei'rs to Government under Lord 
>tion, had beciyxamined by the committee in threi* town- 
ships out of nine whiej^ Constitute the borough of Manchesti'r, and 
considerable orrt Vs l^fd^een discovered in each return. 

In the townshij) or Manchestt'r alone, which contained a popula- 
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tion of ] 1^2,000 in 18vSl, there wore entirely omitted in those returns 
1 infant school, 10 Sunday schools, and 176 day schools, which 
existed at the period whijii those returns were made, and contained 
10,61 1 scholars. False returns w(‘re made by one individual of throe 
Sunday schools that nevei^xistcd at all, and which were stated to 
contain 1590 scliolars; and tlouble returns were made of three other ^ 
schools, containing 975 scholars; so that the total error in those re- 
turns for the townsliip of IVl^ichester alone was 181 schools and 
(S616 scholars. Fesides this, eight dame schools were reported as 
infant seliools. 

The tables annexed to tlie report of the committee gave a classi- 
fication of th(‘ schools in the borough, showing the relative number 
of scholars of each sex, and the, date of their establishment the 
mode in which supported ; the terms of payment in the dame s(‘hools, 
common day schools, evening and infant schools ; the course and 
mode of in.^tructioii })iirsiicd ; tlic cdnntry and religious })rofession 
of tlic masters or mi>.trt‘sses ; tlie num])er of years they had been 
ciigag(‘d in teaching, and tJie number who had l)C('n ediicat(*d for 
tlic‘ (‘inployinenis, Scq. ^ 

Upon the superior private^ and boarding schools no minute report 
was given. One of the Meehaiiiet>’ Institutions a\ as stated to 1)0 in a 
v(Ty prosperous condition. 

The education given in the ooimnon day selioolsCeontaining nearly 
7000 children, was re])res('iited to be generally v(‘i’ , poor, fiuv of the 
teachers being at all qualificsl for their task ; and the committee' 
con&iderthaL no eflectual means can be taken to render these schools 
efficient until proper se'minaries are established for tiu' instruction of 
the teachers themselves. 

The report states that of 1722 children attending the dame schools, 
the \ast majority n'ceive no iiistruetion at all deserving of the name, 
and deriv(‘ little ])eii('fit from llieir attendance at school but that of 
l)eing k(pt out of harm daring a fi'w hours of the day. Tlie esta- 
])lishnj(‘iit of infani seliools on a large scale is recommended with a 
view gradually to supplant the dame schools. 

The Sunday schools u Inch had above 93,000 scholars on their 
books, with an average attendance of nearly 25,000, are classed in 
varkms ways in the tables. They are reported liy the committee to 
form a most important feature among the means e\istin;;’'i(’or tlie 
education of the lower classes of the peopi//’and their iri r,'ience is 
rc’presented as highly betK^cial. &'; • * 

Air. Greg and^r. Lanj^t^.also prescnte,d ^3 the Sell , ^ an un- 
pul ilished Table showing a genei^^^^umraary ^ schools inVnry, Lai; 
eashire ; drawn up from an invel^^ation j^^t complclf.| bi 
borough by tlie Education Conimitffe'ifci^’ the ManchestefT/M* nieal 
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Evening Schools attached to Sunday Schools 
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List of Inquiries adopted hy the Statistical 
concerning the Means existing for the 
Working Classes in Manchester. 


netg of Manchester 
its Instruction of the 


1. How many sittings are there of 
or chapel, distinguishing those which 
not free ? 

^1, How many services have 
average attendance at each, in the 
sittings ? 

fh Of th(' sittings which are ik 
5/. per annum each and under, 

4. What accommodation ha^ 
your eliureh or chapel? Win 
t(mdance at eaeli service? 

5. Is any district of the 
.sphere of your personal 
district ? 

(S. Have you connel^ j^Kith your church or chapel any society 
for the juupose labours among the poor? and if so, 

what is the nature aM extent of that society ? 


'Fhe Rev. E. S 
into the educate 
Cheshin*, whic 
^.Mancliester in 1 



scriptions in your church 
ree from tliose which are 

,ch Sunday, and what is the 
ittings and in the appropriated 

, how many are at the rate of 
V many of them are let ? 
for your Sunday scholars in 
their number and average at- 


gned to or adopted by you as the 
among the poor, and wliat is that 


^KY presented tlie results of a Statistical Inquiry 
and religious state of the parish of Alderley in 
b(ieri drawn up /or the Statistical Society of 


On the Glasgoi 

The follow; 
Tlie construl 
2SrdJuly 
of accounts ; 



^ewell or House of Correction. By Dr. Cleland. 
ejects are discussed : — • 

jof the building ; the number of prisoners oil the 
lir religious persuasion, age, and sex ; abstracts 
o^^alari^ and wages, and diet ; propoilions of 
re-committals ( males, Weni^s, and terms of first sentiiiicci distin- 
guished). The follo^ig^^^ General Abstract for ten years. 



Total 
CommittaL 


* I-’ 


1540 

1398 

1696 

1770 

1721 

1961 

1905 

1953 


% 


200 * 
250 
257 
287 J 

2 1 
'02 


Cost to the Public of 
maintaining each 
Individual. 




833. 

^2075 

527 

- 2 

4 

3 

834. 


% 320 

1 

16 

n ! 


£ 6-. 
2 ^ 
gam 

3 3 
2 1 
3 2 


d- 

9 
9 
3 


2 12 9 


Cost »)f the EstablUh- 
incnt to the Pulilic. 


693 

934 

813 

598 

858 

945 

920 

796 

725 

590 


s, 

0 

13 

8 

13 

2 

17 
JO 

3 

18 
10 


d. 

0 

8 

11 

6 

6 

4 
2 

5 
7 
0 



124 


SflllTISH ASSOCIATION.'— 1835. 


The employrnenlk of tlie prisoners are specified ; the medical at - 
tendance exemplified and tlie author adds his dccidcKl testimony to 
the advantages rcsuffl||^ from the introduction of solitary confine- 
ment. 


On the Caurn which affecMie Proportions between the Numbers of 
Accvsations and Convic^ns in the MetropoUlan District^ mid on 
the Effects which tvell-rnam^d Houses of Correction have in re- 
pressing Crime, By E. H>3||^well. 


On the Punishment of Death h^russiu^ Norway^ and Brunswick. 
By Fox. 

Extract of a letter received by the^mmitteci of the Capital Punish- 
ment Society, dated B('l|^^arch 10, 1835. 

The entire Number of ExccutH^s in each Ycai*. 
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Proportions of Convictions^and E j^iitions. 


MURDER. 


5 years ending 1824, capitally convicted 

5 years 1829, 

5 years 1834,. 



', executed 47 : — or AV 
26: — or*iVTr 

I • • • • * 16 or 


Hero there is a diniiimtion of exertions in each of the two last 
periods, and at the same time a dimiMition of crime. If >ve 'compare 
the two extreme jieriods, we find third less crime in the last with 
16 ex('cutioiis, than in the fii’st wiT^ 47 executions. 

The mean ])opulation of Prussi|, during the same period may be 
taken at 12.303,535, that being tli® amount according to the official 
census in 1<S26, which year falls-i^actly in- the middle of tlui same 
scric‘s of yea]*s. , 


Oh i/m Social StatistiiJK^ the Netherlands. By W. It. Greg. 

The ('ssay, drawn iw^neipally from tlio works of M. Quetelet, 
has Vc'i! printed by wt author. The information contained in it 
is claw'd und(u* thc^cads of: 1, density of pojmlation ; 2, number 
(jf chi^’en to a i^rriag(‘. ; 3, education ; 4, crimes against person ; 
5, crimes againstwoj)erty ; 6, crimes of great violence*. Tlu'se sub- 
j(*ets an- discussemn tables for the diflcnmt provinces of Belgium and 
Holland, and illilftrated by six maps, i^vhich the premises are shaded 
and nuinlxavd iji the order of their numerical relations to the above 
six subjects. C(^«ij)arisons are. ocetislonally introduced betweem these 
results and those attained in France and England. 


Account of the Nominl School h^Diddin established by the Ccon- 
^ H/issiopers ^ IMacation. By Dr. Dickenson. 
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jfurpose of supplying Worlimcn with 
By C. Babbage, P.B.S,, ^c, 

count of an instance in which such shops 
18 to 1832. He produced taJjles showing 
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On the Extensioni^ke^ Study of Physics. By Dr. D. B. Reid. 

Dr. Reid stated thfffaffe importance of a practical knowled^ of 
physical science to a greKnumber of individuals who cannot afford 
the time or means requir^for enabling them to attend the courses 
at present given to professional persons, led him, some years ago, 
to pay great attention to tlSif simplifying of apparatus, and tlie in- 
troduction of a course of chemistry. The first branch he had paid 
more especial attention to, which might be accessible to all classes 
of society. Last winter l?e complied his arrangements for this pur- 
pose, and gave two courses, to put his system to the test of expe- 
rience. In one, 100 mechanics o&rated at the same time on twelve 
different occasions ; and in the otlSir, a course was given to 40 young 
persons, where the same system was adopted. In the mechanics^ 
class, the students were arranged alc^ five boards, each being pro- 
vided with twenty gas-lamps, one oS^^ich w^as placed alternately 
on either side. Every pupil received ^Vowpipe, a test tube, slips 
of paper on which tests w^ere applied, a broad and a narrow 

slip of glass, such as glaziers throw aw^. ^'hese slips were ’:sed 
for the same purposes as the paper, ^d alsolfer solution, b^'^/ling, 
evaporation, crystallization, and filtration : thcl^rrow slips, -jn the 
other hand, were employed for imitating furnaot operations, , heat 
being applied by a common lamp or pandle, assist®, where this was 
necessary, by the blowpipe.. The** method of uling the flat glass 
for the above operations was illustrated by Dr. Rem, and the spe- 
cimens handed to the gentlcOTij attending the section. Experi- 
ments conducted in thif manner \yere equally occonomical and eflec- 
tual in communicating instruction; and the professional student 
might also, in the same way, refeat again and again, at home, at 
the most trifling expense, the greater number of those illustrations 
which he inigjit see in the lecture* room. Dr. Reid stated, that at an 


expense varyTiig' from 2l. ol» istci might provichi 

himself with an apparatus sufficS^dt td - ho^ housands of experi- 
ments on the small scale, and awaken thi_ in|l of his pupik^o as 
to take an interest in science*. ‘ ^ 

• Since this system was proposed, a mimh^ individuala^ili T ndon, 
Edinburgh, and Dublin have stated their intehtK intr^duc;/^^.^*^ -practi- 
cally both in ffl^hanics’ institutions and ir; school ind ibr tlio 

instniction of yoUiff persons. h • ; . fw- * 




Trinted fey Richard Tjj^or, Fleet Street. 
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